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‘There are three men on a train. One of them is 
an economist and one of them is a logician and 
one of them is a mathematician. And they have 
just crossed the border into Scotland (I don’t 
know why they are going to Scotland) and they 
see a brown cow standing in a field from the 
window of the train (and the cow is standing 
parallel to the train).  
 
And the economist says, “Look, the cows in 
Scotland are brown.”  
And the logician says, “No. There are cows in 
Scotland of which one, at least, is brown.” 
And the mathematician says, “No. There is at 
least one cow in Scotland, of which one side 
appears to be brown.” ’ 
 
Cited from Mark Haddon  
‘The curious incident of the dog in the night-time’  
 
 
During my PhD period,  
I have often felt like the economist trying very 
hard to think like the mathematician 
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THIS THESIS concerns linkages between tropical marine habitats1, including 
mangroves, seagrass beds, and coral reefs. These habitats are part of the 
‘seascape’, a term that is derived from the discipline of landscape ecology. 
Seascape ecologists aim to quantify the ecological and biogeochemical inter-
actions between different habitats in the marine environment. In the tropical 
seascape, one such interaction is the possible nursery function of mangroves 
and seagrass beds for coral reef fish species2 of which the juveniles occur in 
high densities not on the coral reef, but in mangroves and/or seagrass beds. 
Even though there are strong indications that this nursery function exists, 
there is no evidence yet that these alleged nurseries sustain coral reef fish 
populations. This is due to little understanding of how juvenile fishes use man-
grove and seagrass habitats and, more importantly, due to a complete lack of 
robust data showing that fishes move from these habitats to coral reefs.  
Coral reefs, mangroves and seagrass beds are dominant features of 
tropical coastlines. They are among the world’s most productive and species-
rich ecosystems (Barnes & Hughes 1982, Duarte & Chiscano 1999) and their 
ecological resources are exploited intensively by humans (Valiela et al. 2001, 
Duarte 2002). Forty percent of the human population inhabits the coastal zone 
(10 year-old estimate: Independent World Commission on the Oceans 1998), 
and many people depend on coastal ecosystems for food and income, 
especially on islands. This anthropogenic pressure has led to a global decline 
in surface area of seagrass beds and mangroves of up to 35% (Shepherd et 
al. 1989, Valiela et al. 2001). Furthermore, the biodiversity of coral reef 
communities is declining (Bellwood et al. 2004), which is mainly due to heavy 
over-fishing and reef destruction. In an examination of 49 island countries 
worldwide, 55% of their coral reef fisheries were estimated to be 
unsustainable (Newton et al. 2007). Marine protected areas (MPAs) and 
fishery reserves have been established in order to protect the coral reef 
habitat. Even though since long ago, researchers have suggested functional 
                                                 
Throughout this thesis, 
 
1 ‘habitat’ and ‘habitat type’ refer to a seascape unit with distinct biotic and abiotic 
conditions (e.g. seagrass habitat, coral reef habitat). ‘Biotope’ is synonymous to this 
word, but is used less often (see discussion in Minello et al. 2003). 
  
2 ‘reef fish species’ refers to a species that spends at least its adult phase on the 
(coral) reef habitat and may use non-reef habitats during its juvenile phase. So, if the 
juveniles of such a fish species are found predominantly in mangroves and seagrass 
beds, I refer to these juvenile fishes as a reef fish species and not as a mangrove or 
seagrass fish species. 
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linkages between coral reef, mangrove and seagrass habitats (Ogden & 
Zieman 1977, Ogden & Gladfelter 1983, Parrish 1989) most strategies for 
conservation, management, and sustainable fishing concentrate on the reef 
habitat. Worldwide, MPAs most often include coral reefs (980: Mora et al. 
2006), as opposed to those including seagrass beds (247: Spalding et al. 
2003) and mangroves (237: rough estimate by Wood 2004). There is no 
scientific overview available of how many reserves include a combination of 
these habitat types. While they do exist (e.g. Florida Keys National Marine 
Sanctuary: Suman et al. 1999, Komodo National Park: Pet-Soede et al. 2001), 
the focus is on building marine reserves around single habitat types (Valentine 
& Heck 2005). If a part of the reef fish population grows up in seagrass and 
mangrove habitats, any measure of protection concerning the coral reef 
habitat only is not effective.  
 
 
The Nursery Concept 
 
The life cycle of a coral reef fish has three phases: (1) larval, (2) juvenile and 
(3) adult (Fig. 1). Adult reef fishes spawn on the reef or further offshore on the 
outer reef slope (Johannes 1978, Claro & Lindeman 2003). Larvae of most 
coral reef fishes are pelagic and spend 20–30 days on average in the open 
ocean (Hourigan & Reese 1987). A combination of ocean currents and larval 
behaviour drive them towards the shoreline (Leis 2006) where they settle and 
develop into small benthic juveniles. But these juveniles do not only appear on 
the coral reef. Since the 1970’s, hundreds of studies worldwide have reported 
high densities of juvenile coral reef fishes in shallow water habitats, such as 
mangroves and seagrass beds, of which the adults are found predominantly 
on the coral reef. These observations led to the nursery hypothesis, stating 
that certain coral reef fishes do not grow up on the coral reef, but in other 
habitats in shallower waters. At a certain life-stage, these fishes are expected 
to move to the coral reef habitat, a process of ontogenetic migration, hereby 
replenishing the adult population (Fig. 1). This movement to the coral reef is 
possibly driven by growth inducing ontogenetic changes in diet and shelter 
requirements, and by the onset of reproductive behaviour (Kramer & 
Chapman 1999, Cocheret de la Morinière et al. 2003b). 
Up to now, a habitat has most often been considered a nursery only on the 
basis of high densities of juvenile fishes (Heck et al. 2003, Sheridan & Hays 
2003). Not all mangroves and seagrass habitats contain high densities of 
juveniles of reef fishes. For example, there is an ongoing debate about 
whether mangroves and seagrass beds in the Indo-Pacific, with areas with 
GENERAL INTRODUCTION 
 13  
large tidal differences and seasonal changes in salinity and temperature, are 
just as important juvenile fish habitats as those in micro-tidal Caribbean areas 
(Thollot & Kulbicki 1988, Laroche et al. 1997). However, when Indo-Pacific 
islands with non-estuarine mangroves adjacent to coral reefs are studied, the 
importance of non-reef shallow habitat types as juvenile fish habitat may 
appear to be just as great as in the Caribbean (Dorenbosch et al. 2005, 
Nagelkerken et al. 2007).  
But the discussion about whether a habitat is a nursery is should not 
exclusively focus on high prevalence of juvenile fishes, because the latter 
does not necessarily mean that the juvenile habitats contribute individuals to 
adult populations elsewhere. Thus, a clear definition of a ‘nursery habitat’ was 
needed.  
 
 
 
 
Figure 1. Two life-history strategies for coral reef fishes that spawn offshore: (1) 
settlement and juvenile phase on coral reef or in back-reef areas and (2) 
settlement and/or juvenile phase in inshore non-reef nurseries, in this case 
mangrove and seagrass habitats. 
 
 
A useful and often-cited definition is the one provided by Beck et al. 
(2001): ‘a habitat is a nursery for juveniles of a particular species if its 
contribution per unit area to the production of individuals that recruit to adult 
populations is greater, on average, than production from other habitats in 
which juveniles occur’. Dahlgren et al. (2006) expanded Beck’s nursery 
concept by proposing the ‘effective juvenile habitat’ where habitats should not 
be compared by their ‘per-unit-area’ contribution, but rather by the overall 
contribution of each habitat. In this way, habitats with a low per-unit-area 
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contribution, but with a high overall habitat contribution to the adult population 
are also considered as effective juvenile habitats or significant nurseries. Beck 
et al. (2001) attribute the contribution of a nursery to an adult population to a 
combination of four factors: (1) density, (2) growth rate (enhanced by high 
food abundances), (3) survival of juveniles (enhanced by good refuge 
possibilities), and, the most crucial but least studied factor, (4) movement to 
adult habitats (ontogenetic migration3).  
 
 
Food and refuge in juvenile habitats 
 
Why are juveniles of reef fishes attracted to seagrass beds and mangroves? 
Reasons given are mostly related to high food abundance and good refuge 
offered by mangroves and seagrass beds, which may enhance growth and 
survival of juvenile fishes. A rich food supply for fishes is present in 
mangroves and seagrass beds in the form of plant detritus, plankton, 
epiphytes and small invertebrates (Nagelkerken et al. 2000c, Laegdsgaard & 
Johnson 2001, Cocheret de la Morinière et al. 2003b). The refuge value of 
mangrove and seagrass habitats is ascribed to low predation pressure 
because of low piscivore abundances compared to deeper offshore waters 
(Shulman 1985, Sweatman & Robertson 1994, Nakamura & Sano 2004a, but 
debated by Sheaves 2001, Baker & Sheaves 2005, 2006), and, more 
importantly, because of low predation efficiency of piscivores due to high 
structural complexity and sometimes high turbidity of these habitats, including 
low light intensities in shaded mangroves (Blaber & Blaber 1980, Orth et al. 
1984, Primavera 1997). Densities of reef fish juveniles have also been 
proposed to be high in mangroves and seagrass beds due to high interception 
of fish larvae in extensive areas of these habitat types (Parrish 1989). But how 
such settlement and other pre-settlement processes (e.g. how oceanic larvae 
find coastal habitats) influence the nursery potential of a habitat remain poorly 
understood (see ‘General Discussion’).  
Because the food and shelter functions of mangroves and seagrass beds 
may depend on interactions between factors such as structural complexity 
                                                 
3 All migration involves movement, but when is movement considered migration? 
This is still under debate (e.g. Quinn 1997, Pittman & McAlpine 2003) and the terms 
movement and migration are often used haphazardly by researchers. Throughout 
this thesis, I use the term migration only if it considers a movement pattern with fixed 
directional and time components. In the context of the subjects of this thesis, this 
means that I speak of migration only in case of daily twilight migrations (e.g. by 
grunts: Ogden & Ehrlich 1977), tidal migrations, and ontogenetic life-history 
migrations. 
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and turbidity (Macia et al. 2003) and may vary on the basis of species-specific 
requirements and behaviour (Main 1987, James & Heck 1994, Primavera 
1997), multifactorial and behavioural experiments are needed to understand 
these processes. Such experiments are rare, especially for fishes in 
mangroves (except for Laegdsgaard & Johnson 2001, Cocheret de la 
Morinière et al. 2004, Ellis & Bell 2004).  
The way in which juvenile fishes use the feeding and shelter possibilities in 
shallow water habitats probably varies along ontogenetic, temporal and spatial 
scales within a species. However, the habitat utilization patterns of reef fish 
juveniles in these habitats are scarcely known (Tupper 2007). For instance, 
data of the spatial use of fishes that state the exact scales at which movement 
takes place are very rare (Pittman & McAlpine 2003). These scales of fish 
movement and knowledge on which habitat types are interlinked by fishes are 
crucial for effective ecosystem management and protection (see ‘General 
Discussion’). This thesis contains thorough behavioural and movement 
studies of fishes among bay habitats that illuminate how juveniles of coral reef 
fishes use these habitats.  
 
 
Identifying genuine nursery species 
 
Besides addressing how coral reef fishes use bay habitats during juvenile life-
stages, this thesis also addresses the more critical question of whether the 
presumptive nurseries are genuine nurseries in a way that they contribute to 
the adult population. This contribution is almost always inferred from the 
distribution of different size classes of fishes among different habitats (Beck et 
al. 2001), but has rarely been demonstrated by showing true movement of 
individuals. In earlier studies on fish assemblages, fishes were often sampled 
throughout an estuary or bay as a whole without a clear identification of 
separate habitat types (e.g. Blaber 1980, Lenanton 1982) or they were 
examined within one single habitat type (e.g. Gell & Whittington 2002). In both 
cases, possible connectivity between different coastal habitat types remained 
unclear. In cases where researchers sampled multiple habitats, different 
techniques were often used which introduced bias due to gear selectivity and 
thus complicated between-habitat comparisons (Pittman & McAlpine 2003, 
Sheridan & Hays 2003). Only recently, studies have been published in which 
multiple habitats were investigated with a single methodology (e.g. 
Nagelkerken et al. 2000a, 2000b, Dorenbosch et al. 2005, Gratwicke et al. 
2006). These studies showed high densities of juveniles of coral reef fish in 
various non-reef coastal habitats, while their adults were predominantly found 
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on the coral reef (Adams et al. 2006). Recently, studies found dramatically 
higher densities (up to 2667%: Mumby et al. 2004) of adults of so-called 
nursery species4 on reefs of islands where seagrass beds and/or mangroves 
were present as opposed to islands where these alleged nurseries were 
scarce or lacking (Nagelkerken et al. 2002, Mumby et al. 2004, Dorenbosch et 
al. 2005).  
Especially after Beck et al. (2001) stated their definition of a nursery, which 
implicates that the high prevalence of juvenile fishes is not sufficient for 
assigning a nursery function to a habitat, researchers have attempted to study 
the nursery concept by examining factors other than fish densities alone. In 
particular, these studies considered the factors growth (Tupper 2007, Grol et 
al. in revision) and survival (Nakamura & Sano 2004a, Chittaro et al. 2005b), 
but still, the most crucial factor of movement is rarely the subject of study. 
Some researchers that considered more factors than densities alone 
emphasized caution when referring to a habitat as a nursery because of 
ambiguous results. For example, Chittaro et al. (2005b) concluded on the 
basis of large site-specific variations in data on fish densities and survival 
among Caribbean seagrass, mangrove, and coral reef habitats, that no 
generalization should be made about all mangroves and seagrass beds being 
nurseries. Also, a recent review on the nursery value of mangroves to fishes 
and decapods showed that there was no verification that the high food 
availability in mangroves resulted in higher growth (Sheridan & Hays 2003). 
However, the experiments did show that mangrove roots and debris offer 
protection to small juvenile fishes and enhance their survival. A review on the 
nursery role of (albeit mainly temperate) seagrass beds reported that both 
growth and survival of fish and invertebrates were greater in seagrass beds 
than on substrata without vegetation, but little difference between seagrasses 
and other structured habitats could be demonstrated (Heck et al. 2003). Both 
reviews concluded that data on movement from mangroves and seagrass 
beds to adult habitats was largely lacking. 
Even though density-, growth- and survival-based data suggest that 
certain areas with mangroves and seagrass beds enhance the density of reef 
fish communities, the results are correlative, and do not provide evidence for a 
direct and causal link between juvenile fishes in putative nurseries and reef 
fish abundance (Manson et al. 2005). Even a habitat with high densities, 
growth and survival of juvenile fishes may act as a sink for the reef fish 
population if many fishes remain in the juvenile habitats as adults. For 
                                                 
4 ‘Nursery species’ refers to species of which at least a part of the adult population is 
potentially replenished by juveniles growing up in nursery habitats that are spatially 
separated from the adult habitat. 
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instance, both juvenile and adult life-stages of the grey snapper Lutjanus 
griseus have been observed in seagrass, mangrove and channel habitats in 
the Florida Keys (Eggleston et al. 2004). Mangroves and seagrass beds have 
a true nursery function if they form a source of new fishes that replenish the 
reproducing coral reef fish population. This will only be achieved if fishes 
eventually move to the coral reef to contribute to the adult population.  
 
 
Life-history migrations 
 
As stated above, both the identification and the quantification of fish 
movement are crucial for testing the nursery value of a habitat. This thesis 
contributes new data and new insights on this topic. Fish movements can be 
traced by tagging fishes (artificial tags) or by using tracers that occur naturally 
in their tissues (natural tags). While artificial tagging is the most direct method 
of studying fish movements, small juvenile fishes often cannot withstand 
artificial tagging, and the rate of tag return over multi-year time periods is 
expected to be low (Appeldoorn et al. 1997). Indeed, not even a handful of 
researchers have managed to trace ontogenetic coral reef fish migrations by 
artificial tagging (detailed overview of these studies in Table 1, ‘General 
Discussion’). The only studies showing migrations of tagged fishes between 
mangroves and/or seagrasses and deeper offshore reef habitats are on 
spangled emperor (Lethrinus nebulosus; Kanashiro 1998), and mangrove 
snapper (Lutjanus argentimaculatus; Russell & McDougall 2005). Such 
studies also exist for crustaceans (e.g. pink shrimp Farfantepenaus duorarum; 
Costello & Allen 1966). 
Naturally occurring tags or markers such as trace elements and stable 
isotopes present in animal tissues have also been used to elucidate migration 
patterns (Hobson 1999, Elsdon & Gillanders 2003, Rubenstein & Hobson 
2004). Isotopes are atoms of an element with the same number of protons, 
but different numbers of neutrons. Trace elements and the ratio of oxygen 
isotopes (18O:16O) in fish otoliths (earbones) reflect the ambient water 
chemistry (‘you are what you swim in’), whereas stable carbon (C) and 
nitrogen (N) isotopes in animal tissues reflect their diet (‘you are what you 
eat’; Hobson 1999). These markers thus provide a record of the previous 
whereabouts of fishes, provided that the water chemistry or the food web 
differs between the connected habitat types.  
In estuarine and temperate regions, trace elements and oxygen isotopes in 
otoliths (calcified fish earbones) are valuable tracers of fish movements 
because water chemistry differences are salinity- and temperature-dependent 
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(Radtke et al. 1996, Elsdon & Gillanders 2002, Martin & Wuenschel 2006). 
These mechanisms have made it possible to elucidate the nearshore nursery 
use of temperate fish species that live offshore at later life-stages (e.g. 
Gillanders & Kingsford 1996, Yamashita et al. 2000). In non-estuarine tropical 
regions, however, the water chemistry is often relatively uniform due to small 
temperature differences, a lack of large freshwater input, and relatively small 
spatial distances between habitats. In these regions trace elements can lack 
discriminative power (Chittaro et al. 2005a, 2006), making them unsuitable for 
detecting between-habitat movement. In this case, food-derived C and N 
stable isotopes are more useful natural markers. For instance, the ratio of the 
isotopes 13C and 12C differs between habitat types due to different metabolic 
pathways of primary producers at the base of these food webs. Offshore food 
webs and coral reefs have low (depleted) values of 13C:12C, compared to 
those in coastal seagrass beds which are relatively high (enriched) (Boutton 
1991, Cocheret de la Morinière et al. 2003b). Thus, animal movements 
between seagrass beds and offshore habitat types or coral reefs should 
hypothetically be recorded in animal tissues. By relying on this principle, Fry et 
al. (1999) showed strong evidence for ontogenetic migrations of pink shrimp 
(Farfantepenaeus duorarum) from seagrass and mangrove nurseries to 
offshore adult habitats. Remarkably, this method has never been successfully 
applied to tracing life-history migrations of coral reef fish using non-reef 
nurseries, and only one study has attempted this (Huxham et al. 2007). 
 
Questions 
 
In the present thesis I will address the following questions: 
 
1 –How are bay habitats used by juveniles of coral reef fishes?  
1.1 –How do the factors shade, food, structural complexity, and habitat type 
play a role in attracting these juveniles to mangroves and seagrass beds 
(chapter 2)? 
1.2 –Do different juvenile life-stages of a potential nursery species (the french 
grunt, Haemulon flavolineatum) use refuge and food functions of 
mangroves and seagrass beds differently (chapter 3)? 
1.3 –Are mangrove, seagrass and rocky shoreline habitats in an embayment 
interlinked by fish movements related to sheltering and feeding (chapter 
4)? 
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2 –Are bay habitats with high densities of juveniles of reef fish genuine 
nurseries? 
2.1 –Do grunts and snappers in alleged nurseries in an embayment move to 
coral reefs (chapters 4–6)?  
2.2 –If so, then what is the quantitative contribution of fishes that have grown 
up in these nurseries to adult populations on coral reefs (chapter 6)? 
 
 
Thesis outline 
 
All studies were carried out in Curaçao, a Caribbean island with sheltered 
inland non-estuarine embayments harbouring seagrass beds and mangroves, 
and with a fringing coral reef surrounding the island. Chapter 2 describes a 
field experiment testing the attraction of reef fish juveniles to shading, 
structure, and food in artificial mangrove and seagrass structures. Different 
combinations of these factors were presented in experimental units (EUs) 
where fishes could swim freely in and out. The EUs were placed in the 
interface between mangroves and seagrass beds of a Caribbean embayment. 
In order to gain insight on the attractiveness of the factors to different species 
groups, fishes inside the EUs were counted and their behaviour was recorded.  
Among the coral reef fish species that are supposed to use mangroves 
and seagrass beds as nurseries are grunts (Haemulidae) and snappers 
(Lutjanidae). These families are generally considered to shelter in structurally 
complex habitat types such as mangroves and seagrass beds during daytime 
and feed nocturnally in seagrass beds. However, stable carbon isotope and 
gut content analyses have indicated that juvenile grunts and snappers 
sheltering in mangroves during daytime also feed in the mangroves (Thayer et 
al. 1987, Rooker 1995, Nagelkerken and van der Velde 2004b). On basis of 
the latter report three feeding strategies were hypothesised (chapter 3): (1) 
juvenile grunts and snappers feed opportunistically in mangroves or seagrass 
beds throughout the day and feed predominantly in seagrass beds during 
night-time; (2) these fishes start feeding in mangroves or seagrass beds 
during daytime just prior to nocturnal feeding in seagrass beds; (3) after 
nocturnal feeding in seagrass beds, these fishes complete feeding in 
mangroves or seagrass beds during the morning. By studying daytime 
behaviour of french grunts (Haemulon flavolineatum) in mangroves and 
seagrass beds (chapter 3) it was examined whether these fishes used 
mangroves and seagrass beds as resting habitats during daytime, or also as 
feeding habitats, and which of the three above feeding strategies they used. 
The amount of time spent on feeding and resting behaviour was related to the 
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factors size class (large juveniles and sub-adults), habitat type (mangroves 
and seagrass beds), social mode (solitary and schooling), and time of the day 
(morning, midday, late afternoon).  
In chapter 4, the movements of french and bluestriped grunts (Haemulon 
flavolineatum and H. sciurus) inside a Caribbean embayment were studied 
during periods for up to 425 days. Two artificial tagging methods (short-term 
and long-term) provided insights on connectivity between habitat types 
(mangroves, seagrass beds, and rocky shoreline) used by juveniles of these 
fish species. The hypothesis was also tested that in spatially continuous 
habitat types, where fishes theoretically have a choice between multiple 
suitable shelter locations, fishes would still show strong fidelity to specific 
shelter locations. 
Chapter 5 is a study on space use of sub-adult schoolmaster snappers 
(Lutjanus apodus) that were tagged artificially after they were collected from a 
rocky shoreline in an embayment with a putative nursery function. The size 
range of these fishes corresponded to the lowest size-range at which they had 
been observed on the reef, thus they hypothetically were ready to move from 
the bay habitats to the coral reef. In this chapter, the snappers’ movements 
between the bay and the adjacent coral reef are desribed, as well as their site 
fidelity. 
In chapter 6, naturally occurring carbon and nitrogen stable isotopes in 
muscle tissue and otoliths were linked to life-history movements of the 
yellowtail snapper (Ocyurus chrysurus). Juvenile fishes were collected in two 
embayments in Curaçao and their isotopic signatures were compared to those 
of fishes on the coral reef, in order to trace reef immigrants that had grown up 
in seagrass nurseries. The data of muscle tissue and otoliths supplemented 
each other very well. Since fishes do not substantially alter the isotopic 
composition of their food, muscle tissue closely reflected the stable isotope 
composition of prey items and discriminated between bay and coral reef food 
webs. However, muscle tissue is metabolically active and the feeding history 
can only be traced up to several months. This problem was overcome by 
analysing otoliths, which grow layer by layer throughout the fishes’ life, and 
are metabolically inert, so that they provide a permanent record of the 
complete life-history. The stable isotope methodology enabled us to estimate 
the contribution of seagrass nurseries to the adult O. chrysurus population on 
the coral reef. 
Chapter 7 is the general discussion of this thesis. Here, I put all findings in 
perspective, answer the research questions, and propose new ones in the 
suggested future research directions. 
 
GENERAL INTRODUCTION 
 21  
Target species 
 
The main target species in this thesis are: 
 
 
French grunt Haemulon flavolineatum – chapters 3 & 4 
This is a tagged juvenile (see chapter 4) 
 
 
Schoolmaster snapper Lutjanus apodus – chapter 5 
 
 
Yellowtail snapper Ocyurus chrysurus – chapter 6 
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ABSTRACT Mangroves and seagrass beds are considered nurseries for 
juvenile fish, but little experimental evidence exists to elucidate which factors 
make them attractive habitats. A multifactorial field experiment on the use of 
these habitats by juvenile reef fish and their behaviour was performed during 
daytime with experimental units (EUs: 1 × 1 × 0.8 m), each representing a 
unique combination of the factors structure, shade, and food, using artificial 
seagrass leaves (AS) and artificial mangrove roots (AM). Diurnally active 
herbivores were most abundant in EUs containing food, and grazed on algae 
growing on the structures, but were not attracted to structures in the absence 
of food. The most abundant diurnally active zoobenthivores (Eucinostomus 
spp.) were present in highest numbers in any EU with food, where they fed on 
zoobenthos or rested on the bottom. Nocturnally active zoobenthivores/ 
zooplanktivores and the diurnally active piscivore Sphyraena barracuda were 
primarily attracted to structure, in which they rested and were not observed to 
feed. Haemulon flavolineatum was mainly attracted to AS, Lutjanus mahogoni 
was attracted to AS or shade, whereas L. apodus, Ocyurus chrysurus and S. 
barracuda were found in AM as well as in AS. The data suggest that during 
daytime, herbivores and diurnally active zoobenthivores are probably attracted 
to mangroves and seagrass beds primarily by food, and nocturnally active 
zoobenthivores by structure (in interaction with shade) that offers shelter from 
predation. Sphyraena barracuda is also attracted primarily to structure, but the 
larger individuals probably use this for ambush predation rather than for 
protection. In conclusion, our experiment clarifies that presence of structure, 
food and shade significantly contribute to the attractiveness of mangroves and 
seagrass beds to juvenile reef fish. 
 
 
Introduction 
 
Mangroves and seagrass beds are assumed to function as nursery habitats 
for a variety of reef fish species (Parrish 1989, Jackson et al. 2001, Heck et al. 
2003), though direct evidence of connectivity between juvenile and adult 
habitats has seldom been provided (Beck et al. 2001, Gillanders et al. 2003, 
Chittaro et al. 2004). Although mangroves and seagrass beds harbour high 
numbers of various juvenile reef fish, little is known about the factors 
determining this. It has been suggested that the main reasons why mangroves 
and seagrass beds may be attractive to juvenile fish are low predator 
abundance, presence of structure, high food availability, low predation 
efficiency of predators, and a high interception of planktonic fish larvae due to 
the extensive surface area of mangroves and seagrass beds (Orth et al. 1984, 
Pollard 1984, Schulman 1985, Parrish 1989, Blaber 2000, Laegdsgaard & 
Johnson 2001).  
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The frequency of encounter rates with piscivores is higher on the coral reef 
than at 20 m away from the reef (Schulman 1985); hence shallow water 
habitats, such as mangroves and seagrasses, are believed to contain less 
piscivores than the reef (Blaber & Blaber 1980, Parrish 1989, Ronnback et al. 
1999). However, Sheaves (2001) argued that there is little unequivocal 
evidence for this theory. Structure provides fish with shelter, but also with food 
(Laegdsgaard & Johnson 2001). Food is abundant in mangroves and 
seagrass beds and is present in the form of invertebrates attracted to 
structure or hiding in the sediment, seagrass leaves, algae, and epibionts 
associated with seagrass leaves and mangrove roots (e.g. Orth et al. 1984, 
Orth & van Montfrans 1984, Pollard 1984, Howard et al. 1989, Parrish 1989, 
Ley et al. 1994, Tomascik et al. 1997, Valentine & Heck 1999, Nagelkerken et 
al. 2000c). Fish are also attracted to mangroves by the presence of 
decomposing mangrove leaves, which possibly function as a food source to 
detritivores (Odum & Heald 1975, Rajendran & Kathiresan 1999). Predation 
efficiency on fishes and shrimps is negatively affected by the structural 
complexity of seagrass beds (e.g. Heck & Thoman 1981, Orth et al. 1984, 
Rooker et al. 1998, Hindell et al. 2000, Stunz & Minello 2001) and mangroves 
(Primavera 1997, Laegdsgaard & Johnson 2001). The mere presence of 
structure does not necessarily provide protection; the density of structural 
units and species-specific behaviour of both predator and prey should be 
taken into account (Main 1987). For example, presence of mangrove 
pneumatophores did not decrease predation efficiency of an actively hunting 
fish predator on shrimps, whereas it did reduce predation on shrimps by a 
more passive fish predator (Primavera 1997). Water turbidity can also 
negatively affect predator efficiency due to scattering and reduction of light by 
suspended particles (Blaber & Blaber 1980, Benfield & Minello 1996). 
A factor that has seldom been investigated, and may be partly responsible 
for the attraction of fish to mangroves and seagrass beds, is shade. Shade is 
provided by long seagrass leaves and, more importantly, by an extensive roof 
of branches and leaves of mangroves above the water surface. Shade is 
believed to reduce predation risk (Helfman 1981, Cocheret de la Morinière et 
al. 2004). For example, predation by the ambush predator Hippocampus 
erectus on shrimps in seagrass beds decreased under shaded conditions 
(James & Heck 1994), and visual prey detection by piscivorous salmonids of 
their prey decreased with decreasing light levels (Mazur & Beauchamp 2003). 
In experimental pools, bluegills Lepomis macrochirus used shaded areas 
when a predator was in open unshaded waters, but avoided shade when the 
predator was in the shade (McCartt et al. 1997). In artificial mangrove units, 
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juvenile reef fish preferred shaded over unshaded units (Cocheret de la 
Morinière et al. 2004). 
Few experiments have studied which factors attract fish to mangroves and 
seagrass beds, and a multifactorial design has seldom been applied. Such an 
experimental study on several combined factors can unravel effects of single 
factors, their interactions, and a possible hierarchy in their attractiveness. So 
far, only 2 field studies have partially attempted multifactorial investigation by 
using artificial mangrove roots: Laegdsgaard & Johnson (2001) studied the 
interactive effects between food and shelter, while Cocheret de la Morinière et 
al. (2004) focused on structure and shade. A third multifactorial study used 
living mangrove roots in the laboratory and tested the factors of turbidity, prey 
density, substrate type and pneumatophore density on the predation of thorn 
fish Terapon jarbua on shrimp (Macia et al. 2003). Multifactorial experiments 
in (artificial) seagrass beds on factors attracting fish have been conducted 
more often (e.g. Bell & Westoby 1986, Edgar 1999, Levin et al. 1997, Levin & 
Hay 2003).  
The majority of field studies mentioned above have investigated only 1 or 2 
factors in 1 experimental design; the attractiveness of mangroves and 
seagrass beds has not yet been studied simultaneously. In the present study, 
we applied a multifactorial design to study the interactive effects of 4 different 
factors in a single experiment: structure, shade, food and habitat type (artificial 
mangrove roots and artificial seagrass leaves). Because little is known of the 
behaviour of fishes within such artificial habitats, we studied this as well. Here, 
we tested the hypothesis that fish species of different feeding guilds probably 
make use of mangroves and seagrass beds during daytime for different 
reasons. We expected that nocturnally active fish species use mangroves and 
seagrass beds as shelter habitats during daytime, whereas diurnally active 
fish species use these habitats as feeding grounds.  
 
 
Materials and Methods 
 
Study area – The study was carried out in December 2003, in the Spanish 
Water Bay (total surface area approx. 3 km2) in south-western Curacao, 
Netherlands Antilles (Fig. 1). The bay has a narrow entrance (70 m wide) and 
a 1.1 km long and 11 to 18 m deep channel that connects the bay to the sea 
and a fringing coral reef. The main part of the bay is relatively shallow (<6 m 
deep). The mean daily tidal range is about 30 cm (de Haan & Zaneveld 1959). 
Besides rainwater, the bay has no freshwater input. Seagrass beds and 
(macro-)algal flats cover the bottom of the bay. The shoreline consists partly 
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of fossil coral reef and is fringed by mangroves, dominated by the red 
mangrove Rhizophora mangle. The experiment was carried out near an 
isolated mangrove stand adjacent to a seagrass bed (Fig. 1). The mangrove 
stand was approximately 36 m long and 3 m wide and consisted solely of R. 
mangle. The mangroves were separated from the adjacent seagrass bed 
Thalassia testudinum by a strip of muddy substratum approximately 3 m wide. 
Mean (± SD) shoot density of this adjacent seagrass bed was 289.0 ± 222.1 
m–2, and mean leaf length was 19.7 ± 1.0 cm. Mean water clarity at the study 
site was 7.0 ± 1.1 m, as measured by horizontal Secchi disk distance. Mean 
water depth at the outer mangrove border was 97.6 ± 6.6 cm.  
 
 
 
 
Figure 1. Map of the Spanish Water Bay at Curaçao (‘C’) indicating the location 
of the study site (encircled). 
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Experimental design – Experimental units (EUs) were constructed with iron 
rods (1 m long, 6 mm in diameter, see Cocheret de la Morinière et al. 2004). 
The lower vertical 20 cm of the iron rods protruded from the bottom of the EU 
and could be pushed into the sediment (Fig. 2a). Above the sediment, the 
open EUs were 1.0 m wide, 1.0 m long and 0.8 m high. In total, 16 EUs were 
used (Fig. 2b). Each EU represented a unique combination of the factors 
structural complexity (artificial mangrove roots = AM, artificial seagrass leaves 
= AS, both AM and AS, or neither), shade (present or absent), and food in the 
form of fouling algae and access to zoobenthos (present or absent).  
PVC pipes (diameter 1.5 cm, length 40 cm) mimicked mangrove prop-
roots. A density of pipes of 64 m–2 was chosen because in a previous study, 
highest fish abundances were found in EUs with this level of structural 
complexity (Cocheret de la Morinière et al. 2004). The PVC pipes were evenly 
distributed in an EU by suspending them from nylon twine lines which were 
tied to the upper horizontal iron ribs (Fig. 2a). In this way, they mimicked aerial 
mangrove prop-roots hanging in the water column, as is the case for 
mangroves in Spanish Water Bay. 
Artificial plastic Thalassia testudinum leaves of width 9 mm and length 19 
cm (Pangea Rocks APS) were evenly distributed and attached to an iron grid 
(density 200 leaves m–2) on the bottom of an EU by using copper staples. Leaf 
lengths and densities of artificial seagrass were similar to those in the natural 
seagrass bed (see above). Upston & Booth (2003) showed that fish 
assemblages in natural and artificial seagrass beds are comparable.  
Shade was created by covering the top of the EU with black shading fabric 
(polyethylene monofilament). The shading cloth was always submerged. 
Underwater light intensities were measured at 10:00, 12:30 and 14:00 h by a 
snorkelling observer holding a Li-Cor light meter at arm length depth. This 
way, light intensities were measured at approximately 30 cm above the 
substratum under natural conditions (above the muddy substratum adjacent to 
the mangroves in full sunlight, at the mangrove rim, and 0.5 m inside the 
mangroves) and in the centre of EUs with different types of structure and/or 
shade in the top part (empty EUs, shade only, AM only, AM and shade). 
Because algae growing on the shading cloth probably decreased light 
intensity, the shading cloth of all EUs with the treatment ‘shade’ was cleaned 
every day.  
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Figure 2. (a) Schematic drawing of an experimental unit (EU) with artificial 
mangrove roots, artificial seagrass leaves and shade. (b) Schematic 
representation of the 16 treatments. Vertical bars at top of EU represent artificial 
mangrove roots and vertical bars at bottom of EU represent artificial seagrass 
leaves. Horizontal grey bars above EUs represent presence of shade. Food was 
either absent (EUs 1 to 8) or present in the form of fouling algae and access to 
zoobenthos in the sediment (EUs 9 to 16). (c) Placement of EUs in the field. 
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Presence of food for herbivores was created in the EUs by natural growth 
of algae on the PVC pipes, the ribs of the EUs, and the artificial seagrass 
leaves. The EUs ‘with food’ were placed in the field for a minimum of 20 days 
and a maximum of 32 days before the actual start of the experiment, during 
which algae had time to grow. The presence of the fouling algae on the EUs 
attracted small crustaceans. The crustaceans on the EU structures and in the 
sediment on the bottom of the EUs (which was freely accessible in the EUs 
‘with food’, see next paragraph) served as a food source for zoobenthivores. 
For all EUs ‘without food’, algal growth was removed from the EUs every 2 
days during the experiment. EUs were always cleaned at the end of the day 
after the last observation. Moreover, the bottom of all EUs ‘without food’ was 
covered by a cotton sheet, so that zoobenthivores were not able to forage in 
the sediment. It should be noted that in all EUs, presence/absence of food 
only refers to presence/absence of algae and macrozoobenthos, and not to 
that of prey fish in the case of piscivores. 
In the field, the EUs were lined up in a randomised order, on a muddy 
substratum bordered by the mangrove stand on one side and the seagrass 
bed on the other side (Fig. 2c). The muddy substratum did not contain any 
natural submerged aquatic vegetation which could add additional structure to 
the bottom of the EUs. A distance of 1 m was maintained between an EU and 
the mangrove and seagrass border, and between EUs. Before observations 
started, EUs were left undisturbed for 3 days after placement in the field.  
 
Observations – Observations took place at 3 time intervals during daytime: 
from 10:00 to 10:45 h (T1), from 11:30 to 12:15 h (T2), and from 13:00 to 
13:45 h (T3). Observations were carried by 2 observers using snorkelling 
gear. The observers each started at one end of the line-up of EUs and then 
swam in the opposite direction to each other. One observer swam between 
the EUs and the mangrove border, while the other swam between the EUs 
and the seagrass border. After surveying all EUs, observers waited for a 
period of 5 min, after which a second observation round started in which the 
16 EUs were surveyed again. Each observer carried out 4 observation rounds 
per time interval, resulting in a total of 8 observations per time interval, per 
day, per EU. All fishes inside the EU at the moment of observation were 
identified, their numbers were counted, and individual sizes were estimated in 
2.5 cm length classes. The behaviour of each fish (resting, feeding, 
swimming, aggressive interactions, and hunting) and its location inside the EU 
(bottom, mid-water, top) were recorded by one of the trained observers. Each 
EU was observed daily for 3 (consecutive) days, during which time they 
remained in the same randomised order in the field. EUs were put in a new 
Chapter 2 
32 
randomised order after the last observation on every 3rd day, in order to 
diminish possible effects of location in the line of EUs. Every 4th day (i.e. day 
after randomly reordering EUs), EUs were left to rest and no observations 
took place. In total, EUs were placed in 8 different random orders 
(configurations) and were observed for 3 days per configuration. Water depth 
was measured at the beginning of each observation round. EUs were 
completely submerged during all observations; at all times water levels were 
higher than 80 cm. 
 
Data analysis – Because Eucinostomus jonesii and E. gula were difficult to 
discriminate under water, these 2 species were recorded as ‘Eucinostomus 
spp.’. All other fishes could be determined to species-level. For the data 
analysis, all encountered fish species were subdivided into 5 feeding guilds 
that were either diurnally or nocturnally active (following Randall 1967, Carr & 
Adams 1973). Mean fish numbers were calculated per EU (treatment) for 
each feeding guild and for the most abundant species within each guild. The 8 
configurations were regarded as replicates through time per treatment. Fish 
numbers were calculated by (1) taking the mean of the 8 observation rounds 
of the 2 observers per time interval for each day, which resulted in 9 values (3 
time intervals of 3 consecutive days) for 8 configurations (replicates); (2) these 
9 values were then averaged for each of the 8 replicates. Mean and SE 
shown in all figures were calculated from these 8 replicates.  
 
Statistical analysis – Differences in light intensities under natural and 
experimental conditions were tested with a Mann-Whitney U-test, for the 
combinations ‘full sunlight’ measured above the muddy substratum versus 
‘empty, unshaded EU’, and ‘mangrove rim’ versus ‘EU with AM and shade’, 
using the statistical programme SPSS 11.0.  
Prior to statistical analysis, fish abundances were calculated by taking the 
sum of the 72 observations (8 observation rounds for 3 time intervals for 3 
consecutive days) per treatment and per replicate, in order to maintain 
discrete values to enable a Poisson regression (McCullagh & Nelder 1989). 
We pooled data from the 8 observation rounds because of their apparent 
dependency. The 3 time intervals and 3 days within 1 configuration were 
pooled for 2 reasons: (1) we were not interested in time or day effects, and (2) 
by pooling these values we did not have to make the (questionable) 
assumption of independent data between time intervals within 1 day, or 
between days at the same time interval. The pooling process was the same 
as applied by Cocheret de la Morinière et al. (2004). Pooling resulted in 128 
observations: 8 replicates (through time) for 16 treatments.  
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The data were counts and did not have a normal distribution due to the 
many 0 counts. EUs were relatively small compared to the vast expanses of 
natural mangroves and seagrass beds surrounding the EUs. As a result, the 
chance of encountering a fish inside an EU was small (explaining the 0 
counts).  
To test the main and interaction effects of structure, food and shade on 
fish abundances, a Poisson regression with a log-link function was performed 
for each feeding guild and the most abundant species, using the statistical 
programme Genstat 7.2. Since the observed counts tended to be 
overdispersed compared to Poisson variance, a correction was applied using 
the scaled deviance as an estimate for the dispersion parameter (McCullagh 
& Nelder 1989). The model contained 1 dependent factor (fish abundance), 3 
treatment factors (structure, food, and shade) with their interactions, and 2 
blocks (replication through time and EU location). The EU location, although 
randomized in the experiment, was included because location effects were 
still possible. In order to test the main effects of the factor ‘food’ and ‘shade’ 
for the pooled herbivore species between 2 EUs with the same type of 
structure (with/without food, with/without shade), t-tests for pairwise 
differences (127 degrees of freedom) were performed for such a pair of EUs 
within the context of the Poisson regression.  
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Results 
 
Light intensity – Underwater light intensities measured in the field under 
natural and experimental conditions are shown in Table 1. Light intensities in 
full sunlight and in an empty EU were not significantly different (p = 0.749, Z = 
-0.320, Mann-Whitney U-test) whereas the light intensity was significantly 
lower at the mangrove rim than in an EU with AM and shade (p = 0.004, Z =  
-2.882, Mann-Whitney U-test).  
 
 
Table 1. Light intensities (μE m-2 s-1; mean ± SE) measured under natural and 
experimental conditions. Light intensities in ‘full sunlight’ were measured above 
the muddy substratum adjacent to the mangroves. ‘-’ = without, and ‘+’ = with. EU 
+ AM = EU with artificial mangrove roots only. EU - AM = empty EUs and EUs 
with artificial seagrass leaves only. 
Full sunlight 1112 (± 61)
Mangrove rim 109 (± 25)
Inside mangroves 17 (± 1)
EU - AM - shade 1149 (± 70)
EU - AM + shade 386 (± 27)
EU + AM - shade 1060 (± 48)
EU + AM + shade 369 (± 38)
 
 
 
Fish abundance – Table 2 shows the results of the Poisson regression for all 
feeding guilds and their most abundant species. In total, 15 fish species were 
encountered in the experimental EUs (see Table 3). Pooled abundances of 
diurnally active herbivores were significantly affected by the factors structure 
and food (Table 2), and significant interactions were present between 
structure and food and between food and shade (Table 2). When food was 
present (in the form of algae), numbers of herbivores increased with 
increasing structure surface in the order: AS only, AM only, and both AS and 
AM (Fig. 3a). In all EUs without food, fish numbers were similarly low for all 
levels of structure (Fig. 3a). In EUs containing AM only, herbivores were more 
abundant in EUs with food than in EUs without food (Fig. 3a, p < 0.001 for 
EUs ‘without shade’ and ‘with shade’, paired t-test). The same was true for 
EUs with both AM and AS when shade was absent (p = 0.004, paired t-test), 
but not true when shade was present (p = 0.854, paired t-test) (Fig. 3a). 
Shade seemed to have a negative effect on herbivore abundances in EUs 
with food and AM structures, compared to the same EUs when unshaded 
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(Fig. 3a); however, this effect was not significant (EU with AM only: p = 0.105, 
and EU with AM and AS: p = 0.097; paired t-test). At species level, 
Acanthurus bahianus (Fig. 3b, Table 2), A. chirurgus and Scarus guacamaia 
showed the same trends as those of pooled herbivores.  
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Figure 3. Mean fish abundance for each treatment (left part) and for each level of 
the separate factors structure, food and shade (right part) of (a) pooled diurnally 
active herbivores and (b) Acanthurus bahianus. ‘N’ represents the total sum of 
fishes of all observation rounds, time-intervals and days. Left part shows all 16 EUs 
with food (black boxes) and without food (open boxes). Right part shows mean fish 
abundance in EUs for each structure type (grey circles) and in EUs with and 
without food (black and open circles, respectively). Empty = EU without structure, 
AS = artificial seagrass leaves only, AM = artificial mangrove roots only, AS + AM = 
artificial seagrass leaves and artificial mangrove roots. If the SE of the mean is not 
visible it is very small. 
b) Acanthurus bahianus
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Pooled abundances of diurnally active zoobenthivores were significantly 
affected by the interaction between structure and food, and by the 3-way 
interaction between structure, food and shade (Table 2). However, pooled 
diurnally active zoobenthivores seemed equally abundant for all levels of 
structure, food and shade (Fig. 4a). An exception was the EU without shade, 
without food and with AM only, where fish numbers were higher compared to 
the same EU with food because of high numbers of Gerres cinereus in 1 of 
the 8 replicates. As a result of this outlier the SE is very large (Fig. 4a). The 
most abundant diurnally active zoobenthivore species, Eucinostomus spp., 
showed significantly higher numbers in EUs with food than in EUs without 
food (Fig. 4b, Table 2). Their abundances were not significantly affected by 
structure or shade (Fig. 4b, Table 2). 
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Figure 4. Mean fish abundance for each treatment (left part) and for each level of 
the separate factors structure, food and shade (right part) of (a) pooled diurnally 
active zoobenthivores, and (b) Eucinostomus spp. See Fig. 3 legend for other 
details. 
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a) Zoobenthivores (nocturnally active) 
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Figure 5. Mean fish abundance for each treatment (left part) and for each level of 
the separate factors structure, food and shade (right part) of (a) pooled 
nocturnally active zoobenthivores, (b) Haemulon flavolineatum, (c) Lutjanus 
mahogoni, and (d) Lutjanus apodus. See Fig. 3 legend for other details. 
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d) Lutjanus apodus 
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Pooled abundances of nocturnally active zoobenthivore species were 
significantly affected by structure and food, and significant interactions were 
present between structure and food, between structure and shade, and 
between food and shade (Table 2). Their abundances were highest in any 
type of EU containing AS (Fig. 5a). This was also observed at species level 
for Haemulon flavolineatum, Lutjanus mahogoni and L. apodus (Fig. 5b-d), but 
in the presence of shade this pattern disappeared for the latter 2 species that 
correspondingly showed significant interactions between structure and shade 
(Table 2). In presence of shade L. apodus showed higher numbers in EUs 
with any type of structure than in EUs without structure (Fig. 5d, Table 2); in 
contrast, in presence of shade, numbers of L. mahogoni were equally high in 
all EUs including the EU without structure (Fig. 5c, Table 2). H. flavolineatum 
and L. apodus were significantly affected by food, in interaction with shade 
and/or structure (Table 2). Numbers of H. flavolineatum and L. apodus were 
higher in AS EUs without food than in AS EUs with food (Fig. 5b,d), 
particularly in the presence of shade, which is attributable to reduced 
structural complexity of fouled AS (see Discussion). These 2 highly abundant 
species were responsible for the significant effect of the factor food, and the 
significant interaction between food and structure and between food and 
shade, for the pooled nocturnally active zoobenthivores (Fig. 5a, Table 2). 
Nocturnally active zoobenthivores/zooplanktivores were only represented 
by Ocyurus chrysurus. Abundances were significantly affected by the factors 
structure and food and by interactions between structure and food and 
between structure and shade (Table 2). Similar to the nocturnally active 
zoobenthivores, abundances of O. chrysurus were highest in any EU with AS 
when shade was absent (Fig. 6a). Just like H. flavolineatum and L. apodus, 
numbers of O. chrysurus were higher in AS EUs without food than in AS EUs 
with food (Fig. 6a). As in the case of Lutjanus apodus, abundances of O. 
chrysurus in the presence of shade were higher in EUs with any type of 
structure compared to empty EUs (Fig. 6a). 
Abundances of diurnally active piscivores, represented by Sphyraena 
barracuda, were only significantly affected by structure (Table 2). Abundances 
were higher in all EUs with structure than in empty EUs (Fig. 6b). 
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Figure 6. Mean fish abundance for each treatment (left part) and for each level of 
the separate factors structure, food and shade (right part) of (a) nocturnally active 
zoobenthivores/zooplanktivores (Ocyurus chrysurus), and (b) diurnally active 
piscivores (Sphyraena barracuda). See Fig. 3 legend for other details. 
 
 
Fish behaviour – Herbivore fish species were mainly foraging in the EUs (69 
to 92%, Table 3). On average, herbivores grazed mostly on algae growing on 
AM (44 to 85%), and less on algae growing on the AS (6 to 23%) and least on 
the bottom substratum (1 to 12%). When comparing EUs with and without 
food, the percentage of herbivores foraging on AM was much higher in EUs 
with food (67.4%) than in EUs without food (1.5%), as would be expected. The 
percentage of herbivores foraging on AS was not higher in EUs with food 
(17.0%) than in EUs without food (26.3%), but the number of herbivores 
present in EUs with AS without food was on average 2.4 times lower than 
those present in EUs with AS with food, which should be kept in mind when 
interpreting the percentages.  
Nocturnally and diurnally active zoobenthivores mostly rested in the EUs 
(94.9 and 72.2%, respectively, Table 3). An exception was the diurnally active 
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Mulloidichthys martinicus, which was searching for food on the substratum in 
54.1% of the cases (Table 3), and did so in EUs both with and without food 
(40.5% and 67.4%, respectively). Furthermore, Haemulon bonariense was 
actively swimming in and out of the EUs in 53.7% of the cases. All 
zoobenthivorous species rested on the bottom of the EUs, except for Lutjanus 
apodus that also rested (i.e. hovered) in the upper part of the EU (Table 3). 
Most specimens of the nocturnally active zoobenthivore/zooplanktivore 
Ocyurus chrysurus and the piscivorous Sphyraena barracuda rested in the 
EUs (80.7% and 98.2%, respectively). In contrast to the zoobenthivores, they 
rested on the bottom, in the middle, and also in the upper part of the EUs 
(Table 3). When this effect was separated for type of structure, the following 
pattern was observed: when only AS was present, they rested mostly in 
between the artificial leaves (bottom of EU, 70.0 to 90.2%); when only AM 
was present, they rested mostly in between the artificial roots (middle and top 
of the EU, 70.0 to 85.8%); when both structures were present, they rested in-
between the leaves (32.6 to 40.8%) as well as in-between the roots (45.6 to 
65.6%). The same pattern was observed for Lutjanus apodus (97.3, 91.3, and 
49.6 vs. 50.5%, respectively). 
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Discussion 
 
The experiment imparted two artefacts that should be considered when 
interpreting some data points in the figures. Firstly, the artificial seagrasses 
could not be completely cleaned from calcareous algae, resulting in a few 
herbivores that also foraged on artificial seagrass leaves ‘without food’. 
Secondly, some artificial seagrass leaves ‘with food’ did not stand completely 
upright due to the weight of the fouling algae and sediment, which is often 
also the case in a natural seagrass bed. As a result, artificial seagrass leaves 
‘with food’ sometimes harboured lower fish abundances than seagrasses 
‘without food’ (mainly Haemulon flavolineatum). When discussing the results, 
we have taken these artefacts into account and drawn conclusions 
accordingly. These differences had no effect on the general patterns and the 
conclusions of this study, because a comparison of fish abundances between 
artificial seagrass leaves with and without food is not made in the following 
paragraphs.  
Herbivores were more abundant in EUs with food than in EUs without food 
(i.e. algae), dependent on the level of structure and presence of shade. The 
majority of herbivores were feeding inside the EUs, and did so mostly in EUs 
with highest structural complexity (i.e. with artificial mangrove roots). These 
harboured higher herbivore abundances than empty EUs and EUs with 
artificial seagrass leaves, probably because the higher surface area of 
artificial mangrove roots provided more substrate for algae and thus more 
food. The attraction to algae was supported by the fact that unshaded EUs 
with AM appeared to harbour higher herbivore abundances than shaded EUs: 
the former possibly contained more algae due to the higher light intensities in 
the EUs, and therefore also more food. The experimental data thus suggest 
that juvenile herbivores utilise mangrove and seagrass habitats primarily as 
feeding habitats. In absence of algae, herbivores did not show any preference 
for presence or absence of structure. Although several studies have 
suggested that juvenile fish use structure provided by mangroves and 
seagrass beds as shelter (Orth et al. 1984, Jenkins & Sutherland 1997, 
Cocheret de la Morinière et al. 2004), the present study indicates that is not 
the case for herbivores, which are diurnally active foragers. 
Pooled diurnally active zoobenthivores showed no clear preference for any 
of the factors or their combinations, despite significant (interaction) effects. 
Eucinostomus spp., on the other hand, were more attracted to EUs with 
macrozoobenthos than without. Their abundances were comparable in all EUs 
with access to macrozoobenthos, irrespective of structure and shade. The 
experimental data thus suggest that these diurnally active species utilise 
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mangroves and seagrass beds primarily as feeding habitats and not as shelter 
habitats. Nevertheless, these species were mainly observed resting in the 
EUs. However, because these species feed by taking sporadic bites, and 
because the behavioural observations were only snap-shots, the importance 
of feeding was underestimated in terms of duration.  
Our results on herbivores and diurnally active zoobenthivores are in 
agreement with those of Laegdsgaard & Johnson (2001), who found that 
artificial mangrove roots with fouling algae and associated invertebrates 
attracted significantly higher abundances of some juvenile fish species than 
structures cleaned of algal growth. Hence, it can be concluded that for several 
diurnally active herbivore and zoobenthivore species, Caribbean mangroves 
and seagrass beds function as foraging habitats but are not used continuously 
for shelter during daytime. This shelter may become temporarily important, 
however, when fishes are attacked by a predator (Laegdsgaard & Johnson 
2001). 
Nocturnally active zoobenthivores and zooplanktivores were attracted to 
the EUs during daytime by structure (occasionally in interaction with shade) 
and not by food. These species all shelter in structurally complex habitats 
during daytime and feed in the seagrass beds at night (e.g. Ogden & Zieman 
1977, Rooker & Dennis 1991, Nagelkerken et al. 2000c). Accordingly, in the 
present study they did not show elevated abundances in EUs with food (i.e. 
macrozoobenthos) and were observed resting instead of foraging during 
daytime. The significant interaction between food and structure found for most 
nocturnally active zoobenthivorous and zooplanktivorous species was due to 
the reduced structural complexity of artificial seagrass leaves fouled by algae 
(as explained in the first paragraph of ‘Discussion’), which were not attractive 
to these species that were mostly observed to rest in between structurally 
complex areas. In the absence of shade, Haemulon flavolineatum, Lutjanus 
mahogoni, L. apodus and Ocyurus chrysurus showed highest abundances in 
any EU containing artificial seagrass leaves, and none favoured EUs with 
artificial mangrove roots only. This indicates that unshaded mangrove roots 
probably provide an unnatural shelter habitat that is not recognised by the 
fishes. In the presence of shade, EUs with artificial mangrove roots alone 
were indeed used by the fishes (except H. flavolineatum) to a similar extent as 
EUs with artificial seagrass leaves. When the unnatural unshaded artificial 
mangrove roots were not considered, species-specific patterns for habitat 
preference and shade could be distinguished. H. flavolineatum was attracted 
mainly by artificial seagrass leaves: its abundance was highest in any EU with 
artificial seagrass, and it was observed resting only in between the artificial 
leaves. The same was true for L. mahogoni in absence of shade, which also 
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showed highest abundances in unshaded artificial seagrass (which is a 
natural situation for seagrass beds). However, in presence of shade, L. 
mahogoni occurred in equally high abundances in all habitat types. L. apodus 
and O. chrysurus did not show a different preference for either artificial 
mangrove roots or artificial seagrass leaves; when the former habitat type was 
present they were found in the middle or top of the EU (i.e. near or in between 
the artificial mangrove roots), when the latter habitat type was present they 
were found on the bottom of the EU (i.e. in between the artificial seagrass 
leaves), and when both were present they were found in either part of the 
EUs. 
Many studies have shown that structural complexity reduces predation 
efficiency and offers shelter to both fish and shrimps (Heck & Thoman 1981, 
Orth et al. 1984, Primavera 1997, Laegdsgaard & Johnson 2001). In the latter 
study, for example, laboratory experiments were performed showing that 
juvenile fish avoided artificial mangrove pneumatophores when predators 
were absent, whereas they actively sought shelter inside the structure when 
predators were introduced. Furthermore, risk of predation was higher on bare 
mudflats than in structurally complex seagrasses and mangroves 
(Laegdsgaard & Johnson 2001). So, in the present study, nocturnally active 
fish species that rested during daytime were very likely to use mangrove-like 
and seagrass-like structures as shelter, since the experiment took place in an 
environment where predators were not excluded. 
The piscivore Sphyraena barracuda was only attracted to the EUs by 
structure. Regardless of presence of food (algae and macrozoobenthos, 
which are no food sources for this species) or shade, abundances were higher 
in EUs with any type of structure than in empty EUs. This suggests that this 
species may not have a preference for seagrass beds over mangroves or vice 
versa. Indeed, in EUs with both seagrass leaves and mangrove roots, S. 
barracuda of equal percentages rested in between structures of both habitat 
types. Although smaller individuals of this species may have used the 
structure for shelter, larger individuals most likely used the structure for 
ambush to forage on sardines, anchovies, and silversides that were schooling 
around the EUs. This is supported by field observations showing that S. 
barracuda often roams around at the mangrove/seagrass interface in search 
of schools of these silverfish (Nagelkerken & van der Velde 2004a). High 
levels of structural complexity have been suggested to aid ambush predators 
by camouflaging them and decreasing their visibility to their prey (Heck & Orth 
1980, Coen et al. 1981, Howard & Koehn 1985). 
In contrast to other studies (Hair et al. 1994, Cocheret de la Morinière et al. 
2004), our study suggests a relatively small effect of shade as a single factor. 
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This may be due to the fact that light levels inside the shaded EUs were still 
20 times higher than inside natural mangroves. These real mangroves 
therefore may have offered relatively better protection than the artificially 
shaded roots. Indeed, for visual predators, reductions in light intensities may 
influence prey detection and reduce predation rates only at very low light 
intensities (Benfield & Minello 1996). However, the present study used similar 
light levels as the study of Cocheret de la Morinière et al. (2004), which was 
also conducted in the Spanish Water Bay. The fact that they found an effect of 
shade is perhaps caused by the placement of the EUs on an isolated 
seagrass bed far away from natural mangroves that offer high levels of shade, 
whereas our EUs were placed directly adjacent to such mangroves. 
 
Conclusions 
 
Our experiments provided evidence that herbivorous fish probably use 
mangroves and seagrass beds during daytime primarily to feed on fouling 
algae and epiphytes. Diurnally active zoobenthivoric Eucinostomus spp. use 
mangroves and seagrass beds during daytime to feed on zoobenthos. 
Nocturnally active zoobenthivores/zooplankti-vores primarily use seagrass 
and mangrove structures (in interaction with shade) during daytime to rest and 
shelter. The piscivore Sphyraena barracuda is probably attracted to 
mangroves and seagrass beds primarily by structure: larger-sized specimens 
use this to ambush their prey, while smaller-sized specimens may also use 
the structure for protection. The hierarchy in importance of the various factors 
clearly differed between feeding guilds and species. Overall, it can be 
concluded that during daytime the presence of structure, food and shade 
significantly contribute to the attractiveness of mangroves and seagrass beds 
to juvenile reef fish.  
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ABSTRACT Caribbean seagrass beds are important feeding habitats for so-
called nocturnally active zoobenthivorous fish, but the extent to which these 
fishes use mangroves and seagrass beds as feeding habitats during daytime 
remains unclear. We hypothesised three feeding strategies: (1) fishes feed 
opportunistically in mangroves or seagrass beds throughout the day and feed 
predominantly in seagrass beds during night-time; (2) fishes start feeding in 
mangroves or seagrass beds during daytime just prior to nocturnal feeding in 
seagrass beds; (3) after nocturnal feeding in seagrass beds, fishes complete 
feeding in mangroves or seagrass beds during the morning. We studied the 
effect of habitat type, fish size, social mode and time of day on resting and 
feeding behaviour of large juvenile (5–10 cm) and sub-adult (10–15 cm) 
Haemulon flavolineatum in mangroves and seagrass beds during daytime. 
Sub-adults occurred in mangroves only, spent most time on resting, and 
showed rare opportunistic feeding events (concordant with strategy 1), 
regardless of their social mode (solitary or schooling). In contrast, large 
juveniles were present in both habitat types and solitary fishes mainly foraged, 
while schooling fishes mainly rested. Exceptions were small juveniles (± 5 cm) 
in seagrass beds which foraged intensively while schooling. Large juveniles 
showed more feeding activity in seagrass beds than in mangroves. In both 
habitat types, they showed benthic feeding, whereas pelagic feeding was 
observed almost exclusively in the seagrass beds. In both habitat types, their 
feeding activity was highest during 8:00–10:30 h (concordant with strategy 3), 
and for seagrass fishes, it was also high during 17:30–18:30 h (concordant 
with strategy 2). The study shows that both mangroves and seagrass beds 
provide daytime feeding habitats for some life-stages of H. flavolineatum, 
which is generally considered a nocturnal feeder. 
 
 
Introduction 
   
Mangroves and seagrass beds are used as shelter habitats during daytime by 
juveniles and sub-adults of nocturnally active species of grunts (Haemulidae) 
and snappers (Lutjanidae) (e.g. Cocheret de la Morinière et al. 2004, Verweij 
et al. 2006a). On Caribbean islands tidal fluctuations are small 
(http://www.tidesandcurrents.noaa.gov/) and mangroves are often permanent-
ly inundated and accessible for fish. At dusk, Haemulidae and Lutjanidae 
leave their daytime shelter and migrate to adjacent seagrass beds and sandy 
seabeds to feed on macro-invertebrates during the night (e.g. Rooker & 
Dennis 1991, Burke 1995, Nagelkerken et al. 2000c, Ley & McIvor 2002). 
Based on these nocturnal feeding migrations and on the high abundance of 
invertebrate prey species in seagrass beds, it has always been hypothesised 
that seagrass beds are important feeding grounds for nocturnally active fish 
species (Ogden & Zieman 1977, Orth et al. 1984, Pollard 1984, Nagelkerken 
CHAPTER 3 
 
50 
et al. 2000c). In the Indo-Pacific, where most mangroves are only inundated 
and accessible during high tide due to large tidal fluctuations, for some fish 
species mangroves function as a feeding habitat too. These fishes perform 
tidal feeding movements from creeks, mud flats and seagrass beds to 
adjacent mangroves at high tide (Sasekumar et al. 1984, Robertson & Duke 
1990, Vance et al. 1996, Sheaves & Molony 2000). In contrast to the Indo-
Pacific, Caribbean mangroves do not appear to function as important feeding 
habitats for fishes from adjacent seagrass beds (Nagelkerken & van der Velde 
2004a, b).  
To what extent Caribbean fringing mangroves function as feeding habitats 
for fishes that reside in the mangroves during daytime, as opposed to those 
residing in seagrass beds, remains unclear. Stable carbon isotope analysis of 
juvenile Haemulidae and Lutjanidae has indicated that fishes sheltering in 
seagrass beds during daytime primarily feed in the seagrass beds, whereas 
those sheltering in mangroves during daytime primarily feed in the mangroves 
(Nagelkerken & van der Velde 2004b). Also, gut content analysis of juvenile 
Lutjanidae collected from the mangroves has shown that these fishes feed 
there (Thayer et al. 1987, Rooker 1995). This raises questions on the exact 
frequency and timing of diurnal feeding by so-called nocturnally active 
zoobenthivores. Although for nocturnally active zoobenthivores, the function of 
the mangroves and seagrass beds during daytime is probably more closely 
related to providing shelter than to supplying food (Cocheret de la Morinière et 
al. 2004, Verweij et al. 2006a) opportunistic feeding may take place during the 
day (Nagelkerken & van der Velde 2004b). Qualitative studies and gut content 
analyses indeed suggest opportunistic daytime feeding for Lutjanidae (Starck 
1971, Rooker 1995, Kamukuru & Mgaya 2004) and Haemulidae (Hobson 
1965).  
Based on Nagelkerken & van der Velde (2004b) the following hypotheses 
were formulated for nocturnally active zoobenthivores that spend their daytime 
in the mangroves or in seagrass beds: (1) fishes feed opportunistically in the 
mangroves or seagrass beds throughout the day and feed predominantly in 
seagrass beds during the night; (2) fishes start feeding in mangroves or 
seagrass beds during daytime just prior to nocturnal feeding in the seagrass 
beds; (3) after nocturnal feeding in the seagrass beds, the fishes complete 
feeding in the mangroves or seagrass beds during a certain part of the 
morning. Which feeding strategies are used by supposedly nocturnally active 
zoobenthivores that dwell in mangroves and seagrass beds remains largely 
unanswered due to a lack of in-depth quantitative behavioural studies.  
The present study therefore investigated the diurnal behaviour of juvenile 
and sub-adult Haemulon flavolineatum in mangroves and seagrass beds of a 
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bay on the Caribbean island of Curaçao. In this bay, the smallest juveniles of 
this species shelter in seagrass beds and mangroves during daytime and 
show increasing preference for the mangrove habitat with increasing body 
size (Cocheret de la Morinière et al. 2002, Nagelkerken et al. 2000b). It was 
expected that these size-related sub-populations show different feeding 
strategies, because recently settled grunts are zooplanktivores that feed 
during daytime, whereas larger individuals are nocturnally active 
zoobenthivores that apparently do not feed during the day (Ogden & Ehrlich 
1977, McFarland 1980, Helfman et al. 1982). We therefore hypothesised that 
diurnal feeding is more important for the smaller than for the larger fishes. The 
primary goal of this study was to investigate how the two suggested sub-
populations of different size classes of H. flavolineatum spend their diurnal 
time-budget in mangroves and seagrass beds, with emphasis on the feeding 
strategies as hypothesised above.  
 
 
Materials and methods 
 
Study area – The study was carried out during January–March 2004, and 
during June–August 2005 in the Spanish Water Bay (surface area ± 3 km2) at 
the south-western coast of Curaçao, Netherlands Antilles (Fig. 1). The bay 
has a narrow (70 m wide) and shallow (5–6 m deep) mouth, and a relatively 
long (1.1 km) and deep (11–18 m) channel that connects the inland bay to the 
sea and a fringing reef. Other parts of the bay are relatively shallow (< 6 m). 
The mean daily tidal range is about 30 cm (de Haan & Zaneveld 1959). 
Besides rainwater, the bay has no freshwater input. The shoreline of the bay 
consists partly of fossil coral reef and is fringed by mangroves, predominantly 
Rhizophora mangle, which roots are permanently inundated. Seagrass beds, 
predominantly Thalassia testudinum, and macro-algal flats cover the bottom 
of the bay (Kuenen & Debrot 1995).  
Fish behaviour was studied in six fringing R. mangle stands and in two 
monospecific T. testudinum beds (Fig. 1). At all study sites, mangroves were 
separated from the adjacent seagrass bed by a strip of mud and sand of 
approximately 3 m wide. Shoot density and leaf height were measured at one 
of the two seagrass beds and were on average (± SD) 338 ± 67 m-2 and 14.1 
± 4.7 cm, respectively. The mean water depth at the border of the mangrove 
stands and at the seagrass bed was 1–2 m. The mean underwater visibility as 
measured by horizontal Secchi distance at the border of the mangrove stands 
and at the seagrass bed was 5–6 m. 
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Figure 1. Map of the Spanish Water Bay in Curaçao (‘C’) with the study sites 
(encircled). Fish behaviour in the mangroves was studied at sites 2–7, whereas 
that in the seagrass beds was studied at sites 1 and 4. 
 
Observations – Behavioural observations were carried out at three time 
intervals during daytime in mangroves and seagrass beds: 8:00–10:30 h (T1), 
11:45–14:15 h (T2), and 15:30–17:30 h (T3). Fishes in the seagrass bed were 
observed at an additional fourth time interval just before sunset: 17:30–18:30 
h (T4). At T4, light intensities diminished quickly and hence detailed behaviour 
observations inside the shaded mangroves were not possible. Nevertheless, a 
few superficial observations were conducted at this time, during which small 
groups of individuals were observed for 15 minutes, and the number of 
foraging and non-foraging fish was recorded after each minute. Night-time 
behaviour observations could not be performed because fishes were startled 
and either froze or swam away when lit by a flashlight. Several aspects of the 
night-time feeding in the Spanish Water Bay have been reported in 
Nagelkerken et al. (2000c). 
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Fishes could be ascribed to two social modes: schooling or solitary. A fish 
was regarded to be in a school when it was closer than 20 cm to at least two 
conspecifics. The size of observed fishes was between 5 and 15 cm, and 
because the maturation size of this species is about 15.5 cm (Starck 1971, 
Claro 1983, Munro 1983) all individuals observed in this study were juveniles 
or sub-adults. Fishes were furthermore ascribed to two size classes: large 
juveniles (5–10 cm) that occurred both in the mangroves and in the seagrass 
bed and sub-adults (10–15 cm) that occurred exclusively in the mangroves. 
The size of observed fish was estimated visually in 2.5 cm length classes or to 
the nearest centimetre.  
The number of fishes observed was 8 or 9 per habitat type, per social 
mode, per size class, and per time interval (see Fig. 2), with a total of 156 
observed fishes. The following combinations of factors could not be studied: 
observations in the mangroves were not possible during T4, schooling fishes 
were not present in seagrass beds during T2, and sub-adults were not present 
in seagrass beds at any time interval.  
All observations were carried out by two snorkelling observers. Individual 
fishes were observed for 15 minutes by one observer during which the time 
budget (measured in seconds) of resting, swimming, and feeding behaviour 
(see Table 1) was recorded. Agonistic interactions were recorded as well, but 
results were omitted due to lack of trends. Observations were aborted before 
15 minutes had passed if an individual was lost from sight or changed from 
social mode or habitat type. When referring to ‘feeding behaviour’ or ‘feeding 
activity’ both ‘searching for food’ and ‘taking a bite’ is meant (Table 1).  
 
Data analysis – Because we were primarily interested in resting and feeding 
behaviour, the behavioural types that we analysed statistically were the 
percentage time spent on ‘hovering’ and on ‘searching for food’ (for which 
searching for food in the water column and on a substratum were pooled), and 
the number of bites taken per minute.  
To determine whether there was size-based variation in behaviour within 
the two 5 cm size classes we assigned, simple linear regressions were 
performed (SPSS version 11.5) between fish size and all behavioural types 
analysed statistically (see above) for both habitat types (mangroves and 
seagrass beds) and both size classes (5–10 and 10–15 cm) separately. For 
fishes of which the size was estimated in 2.5 cm size classes we used the 
middle value of this size class as an approximate of individual fish size (e.g. 
size class 5.0–7.5 = 6.25 cm).  
  
Ta
bl
e 
1.
 D
es
cr
ip
tio
n 
of
 a
ll 
an
al
ys
ed
 ty
pe
s 
of
 b
eh
av
io
ur
 o
f H
ae
m
ul
on
 fl
av
ol
in
ea
tu
m
 
 
R
es
tin
g 
S
ta
yi
ng
 in
 o
ne
 s
po
t i
n 
th
e 
w
at
er
 c
ol
um
n,
 m
an
oe
uv
er
in
g 
on
ly
 in
 o
rd
er
 to
 m
ai
nt
ai
n
(h
ov
er
in
g)
th
e 
sa
m
e 
po
si
tio
n.
Sw
im
m
in
g
M
ov
in
g 
to
 a
no
th
er
 lo
ca
tio
n 
by
 m
ov
in
g 
bo
dy
 a
nd
 fi
ns
.
Fe
ed
in
g:
a)
 S
ea
rc
hi
ng
 fo
r f
oo
d 
(fo
ra
gi
ng
)
- o
n 
a 
su
bs
tra
tu
m
S
ys
te
m
at
ic
al
ly
 s
ea
rc
hi
ng
 a
 s
ub
st
ra
tu
m
 (e
.g
. s
an
d,
 s
ea
gr
as
s 
le
av
es
, m
ac
ro
-a
lg
ae
)
fo
r f
oo
d.
 T
he
 h
ea
d 
is
 p
oi
nt
ed
 d
ow
nw
ar
ds
, t
he
 fi
sh
 s
ca
ns
 th
e 
su
bs
tra
te
 w
ith
 it
s 
ey
es
. 
- i
n 
w
at
er
 c
ol
um
n
Je
rk
ily
 s
w
im
m
in
g 
sh
or
t d
is
ta
nc
es
, w
hi
le
 c
le
ar
ly
 s
po
tti
ng
 a
nd
 fo
cu
ss
in
g 
th
ei
r e
ye
s 
on
 fo
od
 p
ar
tic
le
s 
flo
at
in
g 
in
 th
e 
w
at
er
 c
ol
um
n.
b)
 E
at
in
g 
P
ut
tin
g 
m
ou
th
 to
 th
e 
su
bs
tra
tu
m
 o
r p
ar
tic
le
 in
 th
e 
w
at
er
 c
ol
um
n 
an
d 
ta
ki
ng
 a
 b
ite
. 
W
he
n 
ta
ki
ng
 a
 m
ou
th
fu
l o
f s
an
d,
 th
e 
gr
un
t w
as
 o
fte
n 
se
en
 'c
he
w
in
g'
 (t
he
 o
pe
rc
ul
a 
m
ov
ed
 a
nd
 th
e 
m
ou
th
 o
pe
ne
d 
an
d 
cl
os
ed
) a
nd
 e
je
ct
in
g 
th
e 
sa
nd
 p
ar
tic
le
s 
th
ro
ug
h 
m
ou
th
 a
nd
 g
ills
 a
fte
r a
 fe
w
 s
ec
on
ds
* 
* 
Pu
sh
in
g 
se
di
m
en
t t
hr
ou
gh
 th
e 
gi
ll-
ra
ke
rs
 is
 a
 w
ay
 to
 fi
lte
r o
ut
 s
m
al
l z
oo
be
nt
ho
s,
 e
.g
. a
ls
o 
sh
ow
n 
by
 
ci
ch
lid
s 
(B
ae
re
nd
s 
&
 B
ae
re
nd
s-
va
n 
R
oo
n 
19
50
)
FEEDING IN MANGROVE AND SEAGRASSES HABITATS 
 
55  
There was no strong linear relationship between fish size and behaviour (% 
time hovering: R2 ≤ 0.088, p ≥ 0.024, % time searching for food: R2 ≤ 0.069, p 
≥ 0.068, number of bites: R2 ≤ 0.097, p ≥ 0.030) per habitat type, within each 
size class. Therefore, fish size was not included as a covariable in other 
statistical tests, and we assume that the size-variation within the two size 
classes did not affect the results.  
All further analyses were performed with Statistica 7.0. Arcsine-square root 
transformations did not improve normality of the percentage data, mainly 
because the data tended to have a bimodal distribution. Therefore, 
percentage data were divided in four categories: 0–25%: category 1; 25–50%: 
category 2; 50–75%: category 3; 75–100%: category 4. These ordinal 
categorical data were analysed with a multinomial ordinal regression (MO) 
using a logit link function (e.g. Ananth & Kleinbaum 1997). The number of 
bites were analysed using a Poisson regression (PO). Since these observed 
counts tended to be overdispersed compared to Poisson variance, a 
correction was applied using the scaled deviance as an estimate for the 
dispersion parameter (McCullagh & Nelder 1989).  
Because there were no observations during T4 in the mangroves, T4 
observations in the seagrass bed were omitted from MO and PO regressions. 
Fully factorial models could not be fitted for all fish in the mangroves and the 
seagrass beds because sub-adults were not present in the seagrass beds. 
Therefore, we fitted two separate models that partly overlapped. The first 
model included only fishes in the mangroves, with independent factors being: 
size class (large juveniles and sub-adults), time interval (T1, T2, T3) and 
social mode (solitary or schooling). The second model included only large 
juveniles (present in both mangroves and seagrass beds), with independent 
factors being: habitat type (mangroves or seagrass beds), time interval (T1, 
T2, T3) and social mode (solitary or schooling). Full models included all 
factors and all two-way interactions. Three-way interactions could not be fitted 
due to lack of data. Final models were analysed by using standard log-
likelihood ratio Type III tests (McCullagh & Nelder 1989). 
When analysing time spent on searching for food by fishes in mangroves, 
the MO test could not incorporate schooling individuals, because they all 
belonged to category 1 (0–25% of time spent on searching for food, see Fig. 
2a, b) and variation within this group was too low to enable statistical analysis. 
Therefore, schooling individuals were omitted from the MO regression when 
testing time spent on searching for food by fishes in mangroves, and the test 
was performed for solitary fishes only (see Table 2). A non-parametric Mann-
Whitney U test examined the single effects of social mode on the percentage 
of time spent on searching for food by mangrove fishes.  
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Results  
 
Resting behaviour – In the mangroves, H. flavolineatum on average spent 
most of their time on hovering (Fig. 2a, b). This behaviour was significantly 
affected by fish size and time of day (Table 2). In the mangroves, sub-adult 
fishes spent more time on hovering than large juveniles (Fig. 2a, b). The effect 
of time was only clearly visible for large solitary juveniles that spent an 
increasing amount of time on hovering as time of day proceeded (Fig. 2a). 
 For large juveniles in seagrass beds and mangroves, the percentage time 
spent hovering was significantly affected by habitat type, social mode and 
time (Table 2). Large juveniles in the seagrass beds spent less time on 
hovering than large juveniles in the mangroves (Fig. 2a, c). Schooling fishes in 
both habitat types on average spent more time on hovering than solitary 
fishes (Fig. 2a, c). Large juveniles spent less time on hovering during T1 than 
during T2 and T3 (Fig. 2a, c), and for fishes in the seagrass beds, time spent 
on hovering was low during T4 as well (Fig. 2c). 
 
Table 2. Results of the multinomial ordinal regressions ('MO') and Poisson 
regressions ('PO'), testing the effects of habitat type ('Hab'), social mode 
('SoMo'), size class ('Size'), and time of day ('Time') on fish behaviour. 'Hov.': time 
spent on hovering, 'SF all': time spent on searching for food in the water column 
and on a substratum pooled together, '# bites': number of bites. 'mg': mangroves, 
'sg': seagrass beds. '-': factors not possible to test. 'ns': not significant, 
*0.01<p<0.05, **0.001<p<0.01, ***p<0.001. 'MWU': Mann Whitney U test, which 
analysed the effect of social mode on time spent on 'SF all' for fishes in 
mangroves; the results are given in the text of the Results section. 
Type test MO MO PO MO MO PO
Type Behaviour Hov. SF all # bites Hov. SF all # bites
Single factors
Hab - - - ** *** ***
SoMo ns MWU *** ** *** ***
Size *** ** *** - - -
Time ** ns ns ** * **
Interactions
Hab × SoMo - - - ns ns ns
Hab × Size - - - - - -
Hab × Time - - - ns ns ns
SoMo × Size ns ns ns - - -
SoMo × Time ns ns ns ns ns ns
Time × Size ns ns ** - - -
Mangroves only Large juveniles only 
(large juveniles and sub-adults) (habitat: mg and sg)
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a) Large juveniles in mangroves
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Figure 2. Time budget (mean % of time) of all types of behaviour of Haemulon 
flavolineatum: (a) large juveniles (5–10 cm) in the mangroves, (b) sub-adults (10–15 
cm) in the mangroves, and (c) large juveniles (5–10 cm) in the seagrass beds during 
different time (T) intervals. Left part shows averages for solitary juveniles while right 
part shows averages for schooling juveniles. Numbers below time intervals (x-axes) 
represent number of fishes observed. Observations during T4 were not possible in 
the mangroves and during T2 no schooling were fishes present (‘npr’) in the 
seagrass beds. ‘Other’ refers to short behavioural events: taking bites (see Fig. 3) 
and agonistic interactions. 
1
hovering
swimming
searching food
on substratum
searching food
in water
other
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Feeding behaviour – In the mangroves, solitary H. flavolineatum spent 
significantly more time on searching for food than schooling fishes (Fig. 2a, b; 
Mann-Whitney U test, Z = -3.029, p = 0.002) and solitary fishes took 
significantly more bites per minute than schooling fishes that practically did 
not feed (Fig. 3, Table 2). Large juveniles spent significantly more time on 
searching for food than sub-adults (Fig. 2a, b; Table 2). The effect of size was 
also reflected by the feeding rate of fishes in the mangroves: there was a 
significant size × time effect on the feeding rate (Table 2). For solitary large 
juveniles the feeding rate decreased during the day, whereas solitary sub-
adults had a much lower feeding rate that increased slightly during the day 
(Fig. 3). 
The superficial observations on fish behaviour in the mangroves during T4 
indicated that almost no feeding behaviour took place in this habitat type at 
dusk. However, large juveniles were seen moving out of the mangroves to the 
adjacent strip of muddy substratum at T3 and T4, where they foraged actively 
and were feeding alone or in small schools. 
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Figure 3. Feeding rate expressed as mean number of bites per minute of total 
observation time for large juvenile and sub-adult Haemulon flavolineatum in the 
mangroves (‘MG’), and for large juveniles in the seagrass beds (‘SG’). Left part 
shows averages for solitary fishes per time interval; the right part for schooling 
fishes. Observations during T4 were not possible in the mangroves and during T2 
no schooling fishes were present in the seagrass beds. 
 
 
In mangroves and seagrass beds, large juveniles spent significantly less 
time on searching for food and showed a lower feeding rate when schooling 
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than when solitary (Fig. 2a, c, 3, Table 2). Solitary juveniles spent more time 
on searching for food and showed a higher feeding rate in the seagrass bed 
than in the mangroves (Fig. 2a, c; 3; Table 2). A different type of food 
searching behaviour was observed between fishes in the mangroves and 
seagrass bed. Large juveniles in seagrass beds were searching for food both 
in the water column (mostly during T1) and on a substratum (i.e. sand or 
deposited sediment on macro-algae and seagrass leaves), whereas those in 
the mangroves almost exclusively searched for food on a substratum (i.e. 
sand, mud or deposited sediment on macro-algae and mangrove prop-roots) 
(Fig. 2b, c). The fishes that were searching for food in the water column were 
all approximately 5 cm in size. The feeding rate was higher when searching 
for food in the water column than when searching for food on a substratum: 
large juveniles in the seagrass bed searching for food in the water column 
took 1.4 times more bites per minute of foraging compared to fishes in the 
mangroves and seagrass bed that were searching for food on a substratum 
(Table 3). 
Another difference between habitat types was that schooling juveniles 
(size approx. 5 cm) in seagrass beds spent substantial time on searching for 
food in the water column and were seen to take bites, whereas schooling 
juveniles in the mangroves only very rarely showed any feeding behaviour 
(Fig. 2a, c, 3). In both habitat types feeding behaviour decreased over the 
period T1–T2–T3, except for schooling large juveniles in the mangroves (Fig. 
2a, c, 3). Additionally, for fishes in the seagrass beds, time spent on searching 
for food and the feeding rate increased during T4, compared to T3 (Fig. 2c, 3). 
 
 
Table 3. Feeding rate of foraging Haemulon flavolineatum in the mangroves 
('MG') and seagrass beds ('SG'), expressed as mean (± SE) number of bites 
taken per minute of searching for food on a substratum ('SF sub') and in the 
water column ('SF wat'). For sub-adults in the mangroves, searching for food in 
the water column was not observed ('no'). N is the total number of individuals 
observed searching for food on a substratum and in the water column, 
respectively. 
SF sub SF wat N (SF sub, SF wat)
Large juveniles MG 3.0 (± 0.3) 2.9 (± 0.4) 19, 4
Sub-adults MG 2.1 (± 0.5) no 10, 0
Large juveniles SG 3.0 (± 0.4) 4.1 (± 0.3) 30, 27  
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Discussion 
 
The present study shows that during daytime H. flavolineatum use fringing 
mangroves both as a shelter and feeding habitat and seagrass beds mainly as 
a feeding habitat. H. flavolineatum used mangroves more intensively as a 
shelter habitat than seagrass beds, since: (1) fishes in mangroves showed 
lower feeding activity and higher resting activity compared to those in the 
seagrass beds, (2) inactive resting schools were present all day in 
mangroves, whereas they were absent during mid-day in seagrass beds and 
(3) resting sub-adults were only present in the mangroves. The inactivity of 
diurnal resting schools of juvenile grunts on patch reefs is generally known 
(e.g. Ogden & Ehrlich 1977, McFarland & Hillis 1982) and the daytime shelter 
function of mangroves and seagrass beds to these fish has been established 
before (Cocheret de la Morinière et al. 2004, Verweij et al. 2006a). In contrast, 
the importance of mangroves and seagrass beds as daytime feeding habitats 
has not been quantitatively studied before.  
The higher benthic feeding activity observed for solitary large juvenile H. 
flavolineatum in seagrass beds compared to those in the mangroves can 
possibly be explained by a higher availability of prey species in the seagrass 
habitat. H. flavolineatum primarily feeds on macro-invertebrates, and 
specifically on Tanaidacea (Nagelkerken et al. 2000c, Cocheret de la 
Morinière et al. 2003a), which are more abundant in the seagrass beds than in 
the mangroves of the Spanish Water Bay (Nagelkerken et al. 2000c, Cocheret 
de la Morinière 2002). This is probably also true for the schooling juveniles of 
5 cm in the seagrass beds that are known to feed mainly on Copepoda 
(Cocheret de la Morinière et al. 2003a). Copepoda showed high abundances 
on the seagrass beds of Spanish Water Bay (Nagelkerken et al. 2000c). The 
high feeding rate observed for seagrass fishes was due to the high 
occurrence of pelagic feeding in the seagrass bed, for which the feeding rate 
was 1.4 times higher compared to that of benthic feeding. The feeding rate 
may be higher for pelagic foraging compared to benthic foraging because prey 
items swimming freely in the water column are probably easier to catch 
compared to those hidden in the sediment. Nagelkerken et al. (2001b) 
showed that the seagrass beds harboured the lowest density of piscivores 
(together with shallow algal flats) of 11 different habitat types in or adjacent to 
Spanish Water Bay. This suggests that for the small and vulnerable fishes of 5 
cm, feeding on the seagrass beds where there is more food and a lower 
density of predators is favourable.  
When fishes were feeding, this occurred mostly solitary (except foraging 
schools of 5 cm small grunts). Correspondingly, Hobson (1965) noted that 
FEEDING IN MANGROVE AND SEAGRASSES HABITATS 
 
61  
schooling Haemulon sexfasciatum in sand and rock bay habitat types showed 
no feeding activity, whereas solitary individuals did feed. Schooling is probably 
used as an antipredator mechanism (Ehrlich & Ehrlich 1973). Ogden & Quinn 
(1984) suggested that it may be more favourable to break up from the school 
when foraging to avoid competition for feeding space, as each grunt may 
need an exclusive feeding area because invertebrate prey are dispersed 
across the seafloor (Ogden & Quinn 1984).  
As expected, diurnal feeding was a more common practice for large 
juvenile H. flavolinatum than for sub-adults. Similarly, for a number of snapper 
species, smaller fishes showed a higher degree of diurnal feeding than larger 
fishes (Starck 1971, Mueller et al. 1994, Rooker 1995). Our results may be 
explained by the fact that as juvenile H. flavolinatum grow larger they shift 
from being predominantly diurnal zooplanktivores to being predominantly 
nocturnal zoobenthivores (Ogden & Ehrlich 1977, McFarland 1980, Helfman 
et al. 1982). In the seagrass bed large juveniles showed benthic feeding and 
only the smallest fishes (approx. 5 cm) also showed pelagic feeding, whereas 
all large juveniles in the mangroves almost exclusively showed benthic 
feeding. Sub-adults almost exclusively sheltered during daytime. The above 
suggests that juvenile H. flavolineatum may show the following ontogenetic 
transition in feeding behaviour: they settle in seagrass beds as exclusive 
diurnal zooplanktivores, when attaining a larger size they shift to diurnal 
benthic and/or pelagic feeding in mangroves but primarily in seagrass beds, 
and then gradually adopt a nocturnal benthic feeding mode in seagrass beds 
which is supplemented by opportunistic feeding while sheltering in the 
mangroves during daytime.  
Sub-adults appear to supplement their nocturnal feeding by feeding 
opportunistically during daytime, as was visible for the mangrove sub-
population. This is in support of strategy 1 suggested in the introduction, 
which stated that fishes feed opportunistically in the mangroves or seagrass 
beds throughout the day and feed predominantly in seagrass beds during the 
night. Such supplementary opportunistic diurnal feeding has also been 
suggested to occur for other species of Lutjanidae and Haemulidae in various 
bay and reef habitats (Hobson 1965, Starck & Davis 1966, Starck 1971, 
Rooker 1995, Kamukuru & Mgaya 2004) but the present study is the first that 
provides evidence for this based on quantitative behavioural analyses. Even 
though large juveniles may feed nocturnally as well, diurnal feeding for this 
size class did not seem to be opportunistic at all because on average 45 and 
65% of the diurnal time-budget was spent on feeding behaviour by solitary 
large juveniles of the mangrove and the seagrass-subpopulation, respectively.  
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Large juveniles in both habitat types showed higher feeding activity during 
8:00–10:30 h, compared to midday and late afternoon, which is possibly 
related to a completion of feeding after night-time feeding. This is in 
agreement with strategy 3 as suggested in the introduction, which stated that 
after nocturnal feeding in the seagrass beds, the fishes complete feeding in 
the mangroves or seagrass beds during a certain part of the morning. There 
was no evidence in the present study that Haemulidae in the mangrove 
habitat used strategy 2 as formulated in the introduction, which stated that 
fishes start feeding in mangroves or seagrass beds during daytime prior to 
nocturnal feeding in the seagrass beds. Feeding in the mangroves did not 
intensify in the late afternoon and superficial behaviour observations indicated 
no increased feeding in the mangroves at dusk. However, during T3 and T4 
(between 15:30 and 18:30), some large juvenile grunts did forage intensively 
on the muddy substratum adjacent to the mangroves. So, feeding may indeed 
start before moving to the seagrass beds at dusk, but it apparently does not 
start inside the mangrove habitat, but on the muddy substratum between the 
mangroves and seagrass beds, which may function as a transitional foraging 
habitat in this specific study area. Unlike the mangrove sub-population, for the 
seagrass sub-population feeding behaviour did increase again during 17:30–
18:30 h (in agreement with strategy 2). Comparably, intense feeding before 
10:00 and after 15:00, compared to low feeding activity during mid-day has 
also been observed for Lutjanus analis on artificial reefs, and has been linked 
to twilight activity of their prey items (Mueller et al. 1994). Contrastingly, 
Lutjanus apodus (< 7 cm) in mangroves showed higher stomach fullness 
during midday (11:00–13:00 h), compared to morning and late afternoon 
(Rooker 1995), indicating species- and habitat-specific differences.  
 
 
Conclusions 
 
During daytime resting schools of large juvenile (5–10 cm) and sub-adult (10–
15 cm) H. flavolineatum use mangroves as shelter habitats, whereas mainly 
solitary large juvenile H. flavolineatum use mangroves and especially 
seagrass beds as feeding habitats. Sub-adults feed opportunistically in 
mangroves throughout the day (concordant with hypothesis 1), while large 
juveniles in mangroves and seagrass beds showed much more feeding 
behaviour. In both habitat types, large juveniles showed peak feeding activity 
during 8:00 and 10:30, which is possibly a completion of nocturnal feeding 
during the morning (concordant with hypothesis 3), and seagrass fishes also 
showed high feeding activity during 17:30–18:30, which is just prior to 
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possible nocturnal feeding in the seagrass beds (concordant with hypothesis 
2).  
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ABSTRACT Studies showing that tagged reef fish connect different habitat 
types are crucial for effective ecosystem management on a seascape-level, 
but are rare. Therefore we analysed movement of juvenile Haemulon 
flavolineatum and Haemulon sciurus among seagrass beds, mangroves, and 
fossilized eroded coral shoreline. Fishes were tagged individually with 
external, short-term bead-tags (both species) or with internal, long-term coded 
wire tags (H. flavolineatum only). We also tested the hypothesis that in 
spatially continuous habitat types with many seemingly suitable resting sites, 
these fishes show high fidelity to only a small number of sites. The linear 
distribution range of daytime sites was 4–171 m for H. flavolineatum and 4–
152 m for H. sciurus, but in agreement with our hypothesis, externally tagged 
fishes showed high fidelity to small spatial areas within this range: the 
percentage of resightings within a 10 m radius of the core area of presence 
(i.e., the site used most intensively) was 69% for bead-tagged H. 
flavolineatum, and 62% for H. sciurus during the 47-day study-period. Site 
fidelity was also present over a longer time span: of the 1114 coded wire 
tagged H. flavolineatum 51 were recaptured and 49 of them were still present 
at the tagging location after 163–425 days at liberty. Median linear movement 
within a day was small (5 m for H. flavolineatum and 8 m for H. sciurus), 
nonetheless, part of the bead-tagged Haemulidae moved from shoreline 
shelter habitats (mangroves and rocky shoreline) to adjacent seagrass beds 
(mean ± SD distance moved 23 ± 10 m) in the afternoon, likely to start feeding 
there during daylight. When comparing the habitat type occupied during the 
late afternoon (15:30–17:30 h) and morning (8:00–10:30 h) on two 
subsequent days, most movement occurred from seagrass beds back to 
shoreline habitats (mean distance moved 23 ± 10 m), indicating that in the 
morning these fishes had returned to shelter sites at the shoreline. The 
current study thus shows existence of connectivity between back-reef habitats 
through fish movement on a relatively small spatial scale. 
 
 
Introduction  
 
Ecological interactions between mangroves, seagrass beds and coral reefs 
are of great importance for coral reef fishes, their movement being one of the 
processes connecting these habitat types (Ogden & Gladfelter 1983, Ogden & 
Quinn 1984, Moberg & Rönnbäck 2003). Although effective ecosystem 
management and restoration requires extensive knowledge of space use by 
fishes (Kramer & Chapman 1999) and habitat connectivity (Moberg & 
Rönnbäck 2003), remarkably few studies have provided direct evidence that 
reef fish movements connect different habitat types (Beets et al. 2003). 
Many studies of coral reef fish movement have been limited to the reef 
habitat itself. They have described a wide range of home ranges of various 
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species, as well as the general tendency of fishes to intensively use a small 
number of sites within their home range (i.e., high site fidelity) (Zeller 1997, 
Bell & Kramer 2000, Marnane 2000, Jones 2005). However, various coral reef 
fish species do not only use the coral reef habitat, and studies that focus on a 
single habitat may be insufficient for fishes that use a mosaic of habitat types 
(Pittman & McAlpine 2003). Back-reef habitats such as mangroves and 
seagrass beds are putative nurseries for certain coral reef fish species (e.g. 
Parrish 1989, Nagelkerken et al. 2000b). If they are true nurseries, these 
habitats are connected to coral reefs through long-term life history migrations 
by sub-adult reef fish, but direct evidence of these migrations is scarce (Beck 
et al. 2001, Gillanders et al. 2003, Chittaro et al. 2004).  
In contrast, short-term daily (e.g. feeding) migrations between shallow-
water habitat types of the coastal seascape have been studied to a greater 
extent. In areas with large tidal differences, such as many locations in the 
Indo-Pacific, tidal fish migrations connect different habitat types. Certain fish 
species visit shoreline habitats, such as mangroves and eroded fossil reef 
when these are inundated during high tide, to seek shelter and/or food, and 
return to sub-tidal habitat types, such as seagrass beds, at low tide (Vance et 
al. 1996, Sheaves & Molony 2000, Krumme et al. 2004, Dorenbosch et al. 
2004b). In areas with smaller tidal differences, such as many Caribbean 
regions, mangrove roots and other shoreline habitat types are continuously 
inundated. Therefore the use of mangroves and seagrass beds by fishes is 
not dependent on the tidal regime (Pinto & Punchihewa 1996). No tidal 
migrations occur here, but fish movements during dawn and dusk (twilight 
migrations) connect various Caribbean habitat types: diurnally active 
herbivores forage in seagrass beds during the daytime, and migrate to shelter 
habitats (e.g. rocks and corals) at night, while nocturnally active 
zoobenthivores move from daytime resting habitats (e.g. mangroves and 
patch reefs) to seagrass beds and sand flats to feed at night. These 
movement patterns have mostly been inferred from studies comparing 
daytime and night time fish abundances (e.g. Ogden & Zieman 1977, Robblee 
& Zieman 1984, Rooker & Dennis 1991, Nagelkerken et al. 2000c). Studies 
that showed direct evidence of movement by tagged fishes between certain 
types of reef and seagrass/sand/coral rubble habitats are those on twilight 
feeding migrations of Mullidae (goatfish; Holland et al. 1993, Meyer et al. 
2000), and Haemulidae (grunts; Ogden & Ehrlich 1977, Tulevech & Recksiek 
1994, Burke 1995, Beets et al. 2003). Besides these twilight movements, no 
detailed knowledge exists on whether Caribbean fishes show additional 
between-habitat movement during daytime, so the degree of habitat 
connectivity may yet be underestimated. 
SPACE USE OF GRUNTS IN AN EMBAYMENT 
69  
Haemulidae display high fidelity to daytime resting sites on small patch 
reefs within sandy areas and seagrass beds across periods of several weeks 
(McFarland & Hillis 1982), and this site fidelity appeared to persist for up to 3 
years (Helfman et al. 1982, Helfman & Schultz 1984). However, whether 
nocturnally active zoobenthivores (such as Haemulidae and Lutjanidae) also 
show this high resting site fidelity to other, spatially less confined back-reef 
habitats, such as large and continuous areas of seagrass beds and shoreline 
habitats, has rarely been shown. Juvenile snappers showed high site fidelity in 
extensive Caribbean seagrass beds (Ocyurus chrysurus: Watson et al. 2002) 
and Indo-Pacific rocky shoreline structures (Lutjanus fulviflamma: Dorenbosch 
et al. 2004b), although fishes were studied only over very short periods of < 2 
weeks. Based on this evidence of short-term site fidelity, and on the 
evolutionary advantages of familiarity with certain locations, including reduced 
predation risk and increased foraging efficiency (see references in Zeller 
1997, Jones 2005), we hypothesised that even in spatially continuous habitat 
types, Haemulidae will show long-term fidelity to specific sites and thus have 
the ability to home to the same sites after nocturnal foraging elsewhere.  
The goal of our study was to determine the degree of fish movement 
between different habitat types and to test our site fidelity hypothesis. We 
investigated movement patterns of tagged juvenile Haemulon flavolineatum 
(Desmarest 1823) and Haemulon sciurus (Shaw 1803) collected in various 
back-reef habitat types (mangroves, seagrass beds, and rocky shoreline) in a 
shallow Caribbean embayment. We used two tagging-methods: (1) external 
tags that lasted up to 6 weeks, and (2) internal, coded wire tags that are 
known to be retraceable up to 3 years (e.g. Munro et al. 2003, Brennan et al. 
2005). Movement patterns were examined at four time-scales: (1) within 
single days, (2) between two subsequent days, (3) across days over a period 
of up to 47 days, and (4) across months over a period of up to 425 days. 
 
 
Materials and methods 
 
Study area – The present study was carried out in Spanish Water Bay 
(surface area approx. 3 km2) at the south-western coast of Curaçao, 
Netherlands Antilles (Fig. 1). This non-estuarine embayment has a narrow 
entrance (70–100 m wide) and a relatively long (1.1 km) and deep (11–18 m) 
channel that connects the inland bay to the sea and an adjacent continuous 
fringing reef. Other parts of the bay are relatively shallow (< 6 m). The 
shoreline of the channel part of the bay (Fig. 1) consists of a fossil coral reef 
terrace up to 3 m high which partly extends into the water. Biochemical 
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degradation has led to the formation of submarine shaded notches and 
crevices cutting approx. 0.8 m into the reef terrace (de Buisonjé & Zonneveld 
1960). Rocks and boulders that have broken off from the terrace are found in 
front of the reef terrace. In this paper, the notches, crevices, rocks, and 
boulders will be referred to as ‘rocky shoreline’. The bay shoreline is partly 
fringed by isolated mangrove stands, Rhizophora mangle, of which the roots 
are permanently inundated (mean daily tidal range ± 30 cm; de Haan & 
Zaneveld 1959). The bay floor is covered by seagrasses, predominantly 
Thalassia testudinum, and macro-algal flats (Kuenen & Debrot 1995).  
 
 
 
Figure 1. Map of Spanish Water Bay on Curaçao (‘C’) indicating coded wire tag 
sites, and a detailed map of the bead-tag study area. Fishes used for the tagging 
mortality experiment were captured just outside Piscadera Bay. ‘mg’ = mangroves, 
‘sg’ = seagrass beds, ‘rsl’ = rocky shoreline, ‘cdo’ = channel drop-off. The rocky 
shoreline and mangrove stands were separated from the adjacent seagrass bed by a 
muddy substratum of ca. 2 m wide. The arrow in the lower panel indicates movement 
of the recaptured coded wire tagged fish that had moved farthest (1350 m) of all fish 
inside the bay. Bold lines in the inset map represent survey and transect routes for 
bead-tagged fishes. 
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Short-term tagging (external tags) – The short-term tagging experiment 
took place in an area that included a rocky shoreline, three fringing R. mangle 
mangrove stands (9, 12, and 74 m long and all 3–4 m wide), and a T. 
testudinum seagrass bed (inset Fig. 1). Mangrove stands and the rocky 
shoreline were marked by a nylon twine line attached to the substratum and 
following the contours of the shoreline at a distance of approx. 3 m from the 
high tide waterline. This transect was 300 m long, 4 m wide, and was divided 
into 2 m long sections. Externally tagged fishes were never observed in the 
seagrass beds during the daytime, except in one specific part of the seagrass 
bed adjacent to the two small mangrove stands (Fig. 1). Therefore, only this 
seagrass area was marked using a grid of nylon lines, enclosing an 18 × 10 m 
rectangular area (Fig. 1), divided into recognisable 2 m2 plots by using 
coloured flags. In all other seagrass areas, the only Haemulidae that were 
observed during daytime were very small, non-tagged H. flavolineatum (< 6.5 
cm fork length, FL).  
H. flavolineatum (N = 83) and H. sciurus (N = 21) were caught in the 
marked seagrass area, the three mangrove stands, and at one boulder along 
the rocky shoreline (Fig. 1), using hook and line during the daytime, and 
baited Antillean fish traps during the daytime and night time. Freshly caught 
fishes were kept briefly in an underwater net. Before tagging, fish FL was 
determined, and the fishes were wrapped in a wet cloth. Fishes were tagged 
using monofilament line (∅ 0.18–0.25 mm) and coloured beads (∅ 1.5–2.6 
mm). Tags were inserted into the muscle tissue just under the anterior or the 
central part of the dorsal fin base, using a hollow injection needle (∅ 0.50 
mm). The skin was pierced at a downward angle of about 60° to the fishes’ 
body, so that scales were not torn off. On the thread protruding from the other 
side of the fish, the mirror image of the series of beads (maximum of two on 
either side) was attached. The number and combination of coloured beads 
was unique for each individual and was recognisable underwater. The tag was 
fastened at the end with a knot, and fishes were released at the same place 
where they had been caught. The tagging procedure took < 1 minute and 
needles were cleaned with diluted ethanol before tagging the next fish.  
The short-term tag study lasted from 15 January to 2 March 2004 (48 
days). Tagging took place on 7 different days between day 1 and day 9, while 
surveys took place on 28 days between day 2 and day 48. Surveys were 
conducted during 8:00–10:30 h (T1), 11:45–14:15 h (T2), and 15:30–17:30 h 
(T3). On 10 of the 28 survey days, surveys were conducted during two or 
three of the selected time intervals, by two or three snorkelling observers. On 
the remaining 18 days, the selected sites were observed during at least one of 
the three time intervals, by one observer. When a tagged individual was 
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spotted (i.e. ‘resighted’), the tag code, time of day, and location were 
recorded. Transects were surveyed once or twice per time interval. If an 
individual was resighted more than once during the same time interval, only 
the first resighting was used in data analysis. During some surveys, unmarked 
areas outside the line transects were also searched, including unmarked 
seagrass beds adjacent to the shoreline transect and 100 m extensions of the 
rocky shoreline transect at both ends. To see whether fishes had moved away 
from their daytime sites at night, surveys were conducted by three snorkelling 
observers holding flashlights on two nights between 18:00–19:30 h. These 
surveys were carried out in all marked and unmarked areas described above. 
 
Long-term tagging (internal tags) – For the long-term tagging experiment, 
only the most abundant species, H. flavolineatum, was selected. Fishes were 
caught and tagged during 10 May 2005–11 October 2005. A total of 1114 H. 
flavolineatum were caught in 8 mangrove stands, 11 seagrass bed sites, 19 
rocky shoreline sites, and at 2 sites at the channel drop-off (Fig. 1, see Table 
2), using hook and line during the daytime, and baited Antillean fish traps 
during the daytime and night time. These fishes were provided with an 
individually coded wire tag (CWT, Northwest Marine Technology) using a 
single-shot tag injector. The tags consisted of magnetised stainless steel wire 
(diameter 0.25 mm and length 2.2 mm). CWTs were inserted between the 
skin and muscle layer at the base of the anal fin. Tagged fishes were released 
at their catch location.  
During 6 February 2006–19 July 2006, H. flavolineatum (N = 1195; see 
Table 2) were caught at all tagging sites of 2005 and at an additional 65 sites 
at the drop-off of the tidal channel, measured (FL), and scanned for the 
presence of a tag, visible as a magnetic anomaly. Recaptured tagged fishes 
were killed rapidly by cutting through the spinal cord above the gill slits, after 
which the tag was removed and the individual code was read under 
magnification. 
 
Tagging mortality – In order to assess tagging mortality, 12 bead-tagged (FL 
= 8.5–16.0 cm), 12 coded wire-tagged (FL = 8.0–12.4 cm), and 12 non-tagged 
(FL = 8.3–16.8 cm) H. flavolineatum (viz. three treatments) were kept in 
captivity for 14 days. Fish were captured with hook and line at the sandy 
substratum and shallow coral boulders (1–2 m deep) just outside Piscadera 
Bay (Fig. 1). They were transported underwater in a net and released into 
outdoor tanks containing small boulders as a shelter habitat. The non-
transparent tanks measured 1 m3 and had a continuous seawater flow of 
approx. 5.8 l min-1. The top of each tank was covered by shading cloth. The 
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number of fish per tank was four, and three tanks were assigned per 
treatment, adding up to 12 fishes per treatment. Control fish were not tagged, 
but were measured and wrapped in a wet cloth, to experience a similar 
handling. Tagged fish were measured and tagged as described above and 
bead-tagged fish were given one bead on either side of the body. Fish were 
fed equal amounts of squid around dusk and checked daily. Dead fish were 
removed, and unusual behaviour and infections were recorded.  
 
Data analysis – Coordinates of catch locations, line transects and recapture 
sites were measured by GPS and plotted on a map of the bay using ArcView 
3.1. Linear distances between locations were calculated using ArcView 3.1 
and Bersoft 4.03. Fish movement was characterised in terms of (1) daytime 
activity radius (DAR), (2) between-habitat movement, and (3) site fidelity. 
Because many bead-tagged fishes moved between habitats during the entire 
study period (see % of resightings in the various habitat types, Table 1), 
movement variables were calculated for pooled catch habitat types, per 
species. 
We refrained from using the term ‘home range’ because we only examined 
daytime space use and in our opinion ‘home range’ encompasses both 
daytime and night time activity spaces. The DAR was expressed as the 
shortest linear distance between the two most extreme resighting locations 
(following Zeller 1997, Chapman & Kramer 2000). This depicts the minimal 
distance a fish has traversed. Between-habitat movement was expressed as 
the number of times a fish was resighted in a different habitat type compared 
to the habitat type of the previous resighting, and compared to where it was 
caught and tagged. Site fidelity was calculated by determining the transect 
section where an individual was resighted most frequently, i.e. the ‘core area 
of presence’ (CAP). The linear distance between all resightings and the CAP 
was then calculated.  
DAR and between-habitat movement were calculated for four time-scales: 
(1) within days, for fishes resighted during at least two different time intervals 
on the same day, (2) between the late-afternoon (15:30–17:30 h) resighting of 
one day and the first resighting (8:00–10:30 h) of the following day (referred to 
below as ‘between two subsequent days’, which assesses overnight return 
and fidelity to daytime resting sites), (3) ‘across days’ over periods of 15–47 
days, using all resightings of the entire short-term tag study period (which 
assesses the linear distribution of all daytime resting sites), and (4) ‘across 
months’ for recaptured coded wire-tagged fishes of the long-term study 
period, by comparing the initial catch location at the time of tagging with that 
of recapture, which covered time spans of 163–425 days. Because site fidelity 
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is a process covering relatively long time periods, it was only calculated for the 
time scales ‘across days’ and ‘across months’.  
Because movement variables may be influenced by the number of 
resightings (e.g. Odum & Kuenzler 1955, Laundré & Keller 1984, Samietz & 
Berger 1997), we calculated DAR and site fidelity across days only for those 
fishes that showed stabilising DAR with increasing number of resightings (e.g. 
following Zeller 1997). To find out which fishes met this criterion, we created 
area observation curves for each individual. We calculated the linear distance 
between all previous and every consecutive resighting and plotted this against 
the number of resightings. Fishes reached stabilising DAR at a number of 11 
resightings, so we calculated DAR and site fidelity across days only for 
individuals resighted > 10 times. Simple linear regressions (SPSS 14.0) 
showed that the number of resightings did not significantly affect movement 
variables across days calculated for fishes with > 10 resightings (DAR across 
days: R2<0.025, p>0.420; number of resightings at CAP (site fidelity): 
R2<0.251, p>0.081). 
Differences in daytime activity radii for bead-tagged fishes were tested 
using a mixed General Linear Model (SPSS 14.0) with ‘time scale’ as a within-
subjects factor (repeated measure) and ‘species’ as a between-subjects 
factor. Sphericity conditions were not violated (following Field 2005). 
 
 
Results  
 
Tagging mortality – After two weeks, survival of captive fishes was 83% for 
control fishes (10 out of 12), 92% for bead-tagged fishes (11 out of 12), and 
100% for coded wire tagged fishes (12 out of 12). After two weeks, 17% (2 out 
of 12) of bead-tagged fishes had lost their external tag.  
 
Resightings and recaptures – Because maturation sizes of H. flavolineatum 
and H. sciurus approximate 15.5 cm and 22.0 cm, respectively (Munro 1983), 
all fishes in this study were juveniles (see size range in Tables 1, 2). A 
minimum of 57% of bead-tagged individuals of the two species in all catch 
habitat types were resighted at least once (Table 1). The number of 
individuals resighted decreased over time. The maximum number of 
resightings per individual ranged from 12 to 37 for both species and all catch 
habitat types (Table 1). After four to six weeks, most fishes had either visibly 
lost the external tag or the tag colours were no longer recognisable due to 
algal fouling.  
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Table 1. Numbers of bead-tagged Haemulon flavolineatum and H. sciurus given 
per habitat type ('sg' = seagrass, 'mg' = mangroves, 'rsl' = rocky shoreline), 
together with their size ranges (FL), and their resightings expressed as numbers 
and as percentages of total numbers of tagged individuals. The maximum numbers 
of resightings ('rs') and the maximum range in days during which fishes were 
resighted are shown too. The percentages of resightings in all different habitat 
types during the entire study period are also given. 
Species Haemulon flavolineatum
catch & tagging habitat sg mg rsl sg mg rsl
# bead-tagged 14 64 5 18 2 1
size range (cm) 6.3 – 8.0 6.0 – 11.0 6.7 – 7.5 7.0 – 16.0 8.9 – 9.2 8.0
resighted at least once 8 (57%) 44 (69%) 4 (80%) 16 (89%) 2 (100%) 1 (100%)
resighted >1 time 5 (36%) 38 (59%) 4 (80%) 15 (83%) 2 (100%) 1 (100%)
resighted > 2 times 4 (29%) 37 (58%) 4 (80%) 13 (72%) 2 (100%) 1 (100%)
resighted >5 times 3 (21%) 29 (45%) 3 (60%) 10 (56%) 2 (100%) 1 (100%)
resighted >10 times 3 (21%) 23 (36%) 2 (40%) 10 (56%) 2 (100%) 1 (100%)
max # rs 28 31 23 37 16 12
max range days 37 36 28 47 35 15
% of rs in sg 64 15 0 54 38 0
% of rs in mg 28 51 14 9 62 0
% of rs at rsl 8 34 86 37 0 100
Haemulon sciurus
 
 
 
Table 2. Numbers of Haemulon flavolineatum tagged with coded wire tags in 2005, 
and total numbers captured (tagged and untagged) and recaptured (tagged) in 
2006, per habitat type ('sg' = seagrass, 'mg' = mangroves, 'rsl' = rocky shoreline, 
'cdo' = channel drop-off), together with their size (FL, range and mean ± SD). The 
table also shows the range of the days at liberty after which fishes were recaptured. 
catch habitat sg mg rsl cdo
# CWT-tagged 2005 319 122 597 76
size range (cm) 5.0–14.2 6.1–13.6 5.8–16.7 7.0–16.7
mean size ± SD (cm) 7.6 ± 1.8 9.1 ± 1.6 9.0 ± 2.0 10.0 ± 2.7
# captured 2006 380 66 417 332
size range (cm) 5.0–13.0 6.0–13.6 5.0–14.0 6.8–16.3
mean size ± SD (cm) 8.0 ± 1.7 8.9 ± 2.1 8.6 ± 2.0 12.0 ± 2.3
# recaptured 2006 15 4 23 9
size range (cm) 8.1–10.6 9.0–13.6 7.8–13.6 9.8 –16.3
mean size ± SD (cm) 9.2 ± 0.9 11.1 ± 2.3 10.5 ± 1.4 13.3 ± 2.1
range days at liberty 163–295 191–425 205–419 277–388
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Of the 1114 coded wire tagged H. flavolineatum, 51 fishes (4.6%) were 
recaptured after 163–425 days at liberty (Table 2). Over this period, these 
recaptured fishes showed an average growth of 0.05 ± 0.03 mm day-1. 
 
Daytime activity radii and between-habitat movement – Linear distances 
moved were not significantly different between species (F < 1, p = 0.579), and 
no interaction effect between species and time-scale was found (F < 1, p = 
0.960). There was a significant main effect of time-scale on distances moved 
(F = 33.469, p < 0.001). For both species, distances moved within days were 
significantly smaller (medians: H. flavolineatum 5 m, and H. sciurus 8 m) than 
DAR across days (medians: H. flavolineatum 50 m, and H. sciurus 30 m) (Fig. 
2). Additionally, for H. flavolineatum DAR between two subsequent days 
(median 15 m) was also significantly smaller than DAR across days (Fig. 2).  
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Figure 2. Boxplots of linear distances between the two most extreme resightings 
(daytime activity radii) for bead-tagged Haemulon flavolineatum and H. sciurus 
calculated for the time scales within days (‘within’, for fishes resighted during two 
different time intervals on the same day), between two subsequent days 
(‘between’, for fishes resighted during the late-afternoon survey on one day and 
during the first morning survey of the following day), and across days (‘across’, 
over periods of 15–47 days: for fishes resighted more than ten times). A boxplot 
indicates the median (horizontal line in box), the interquartile range (box height), 
10 and 90 percentiles (whiskers), and outliers (dots). Different letters above 
boxplots indicate significant differences (mixed GLM). N is the number of 
individual fish (sample size) and differs between time scales, within species, as a 
result of the different criteria. 
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 For fishes resighted during two time intervals within one day, 17 out of 41 
(41%) H. flavolineatum, and 9 out of 14 (64%) H. sciurus moved between two 
different habitat types (Fig. 3a, b). The percentage of their within-day 
movements leading to a habitat shift was 40% for H. flavolineatum and 59% 
for H. sciurus. Most of these movements were towards seagrass beds: H. 
flavolineatum showed most frequent movement from the mangroves to the 
seagrass bed, whereas H. sciurus showed most frequent movement from the 
rocky shoreline to the seagrass bed (Fig. 3a, b). Movement to seagrass beds 
occurred most often after T1 (Fig. 3a, b). Both species showed very little 
movement from the seagrass beds back to the rocky shoreline or mangrove 
stands during the day, but they did show some movement back and forth 
between the mangroves and the rocky shoreline (Fig. 3a, b). For fishes that 
did not move between different habitats within days, the mean DAR (± SE) 
within days was 3.4 ± 0.6 m for H. flavolineatum and 3.5 ± 1.0 m for H. 
scirurus, which were significantly shorter distances than those for fishes that 
did move between habitats (14–35 m; Fig. 3a, b), (t-test, t > 8.438, df > 12, p 
< 0.001). 
For fishes resighted between subsequent days (i.e. at T3 on one day and 
T1 on the next day), 19 out of 33 (58%) H. flavolineatum, and 6 out of 11 
(55%) H. sciurus moved between different habitat types (Fig. 3c). The 
percentage of their between-day movements leading to a habitat shift was 
57% for H. flavolineatum and 93% for H. sciurus. Both species were most 
likely to move from seagrass beds to mangroves or rocky shoreline (Fig. 3c). 
Overnight movements from shoreline habitats to seagrass beds were rarely 
observed (Fig. 3c), in contrast to the regular occurrences of such movements 
within days (Fig. 3a, b). For fishes that did not move between different 
habitats when comparing subsequent days, the mean linear distance (± SE) 
moved was 3.2 ± 0.7 m for H. flavolineatum and 27.8 ± 24.3 m for H. scirurus. 
For H. flavolineatum, these distances were significantly shorter than those for 
fishes that did move between habitats (19–75 m; Fig. 3c) (t-test, t = 5.032, df 
= 31, p < 0.001). 
Compared to within and between-day movement, even more fishes 
showed between-habitat movement across days: the number of bead-tagged 
fishes resighted in at least one other habitat type than their catch habitat was 
45 out of 56 (80%) for H. flavolineatum and 15 out of 19 (79%) for H. sciurus 
that were resighted at least once. The patterns of within and between-day 
habitat shifts described above were also visible for the diurnal variation among 
habitats across all days: the mean percentages of resightings in seagrass 
beds increased with increasing time of day (T1, T2 and T3, respectively), and 
were 11, 23, and 28% for H. flavolineatum and 36, 44, and 60% for H. sciurus. 
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This means that in the morning, most resightings (89% for H. flavolineatum 
and 64% for H. sciurus) were in non-seagrass habitats (i.e. the rocky 
shoreline and the mangroves). 
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Figure 3. Between-habitat movement for bead-tagged fishes: (a) within days 
(viz., between different time-intervals within the same day) for Haemulon 
flavolineatum, (b) within days for H. sciurus, and (c) between two subsequent 
days (viz., between the late-afternoon resighting on a day and the first morning 
resighting on the following day) for both species (black = H. flavolineatum, grey = 
H. sciurus). Panels a and b show the exact time interval at which the habitat shift 
was recorded. ‘sg’ = seagrass beds, ‘mg’ = mangroves, ‘rsl’ = rocky shoreline. X-
axes show all possible changes between habitat types, with the first habitat noted 
being that departed from, the second that arrived in. For example, ‘sg-mg’ = 
movement from seagrass beds to mangroves. Numbers above the bars indicate 
mean ± SE distances moved in meters. 
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For long-term movement ‘across months’, 49 of the 51 recaptured coded 
wire tagged fishes were recaptured at the same location (with an accuracy of 
10–20 m) as they had been tagged 163–425 days earlier, while two fishes 
were recaptured in a different habitat type from where they were caught and 
tagged. The first individual had moved 1350 m (see Fig. 1) after 316 days at 
liberty. It was tagged at a size of 8.2 cm in a seagrass bed and was 
recaptured at a length of 9.2 cm at the part of the rocky bay shoreline that was 
the nearest to the bay mouth and the coral reef. The second individual had 
moved 60 m after 311 days at liberty. It was tagged at a size of 8.0 cm at the 
rocky shoreline and was recaptured at a length of 11.1 cm, at the drop-off of 
the tidal channel (3 m deep). 
During night-time observations seven H. flavolineatum and six H. sciurus 
were resighted. Three of them were resighted at the rocky shoreline and in the 
mangroves, while the other 10 were resighted in seagrass beds. The median 
distance that these fishes had moved away from the location of their late-
afternoon resighting on the same day was 9 m (range 2–170 m) for H. 
flavolineatum and 6 m (range 4–7 m) for H. sciurus, while the median distance 
to their daytime core area of presence (CAP) was 16 m for both species 
(range 2–170 m).  
 
Site fidelity – The numbers of CAPs located in seagrasses, mangroves, and 
rocky shoreline were 6, 13, and 9, respectively, for H. flavolineatum, and 4, 2, 
and 7 for H. sciurus. The mean percentage of resightings within the CAP was 
40% for H. flavolineatum and 27% for H. sciurus (Fig. 4). More than half of all 
resightings were within a 10 m radius around the CAP (69% for H. 
flavolineatum and 62% for H. sciurus). Both species also showed a peak of 
resightings at distances of 11–30 m from the CAP. These peaks were mainly 
caused by fish movement between the marked seagrass area, and the 
adjacent rocky shoreline with two small mangrove stands (see Fig. 1, 3), a 
distance of approx. 20 m. Another small peak was found for H. flavolineatum 
at distances of 41–60 m from their CAP (Fig. 4). This was due to movement 
between the large mangrove stand and a particularly large shoreline boulder 
(also a tagging site: Fig. 1).  
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Figure 4. Site fidelity across days for bead-tagged Haemulon flavolineatum and 
H. sciurus expressed as the mean percentage of resightings (‘rs’) at various 
linear distances away from the core area of presence (CAP). Note the increasing 
scale for the distance classes on the x-axis. The N given is the number of 
individuals resighted more than 10 times. 
 
 
Discussion 
 
Survival of tagged H. flavolineatum kept in captivity for 14 days did not differ 
from that of untagged fish, suggesting that fish resightings and recaptures 
were not influenced by mortality due to the tagging procedure, at least not in 
the first period after tagging. The reason why 2 out of 12 control fishes died is 
unknown, since they did not behave differently nor showed external infections. 
During daytime, Haemulidae generally rest and shelter in or near 
structurally complex habitat types (Ogden & Ehrlich 1977, Valdés-Muñoz & 
Mochek 2001, Verweij et al. 2006a). In the present study, their passive 
daytime behaviour was obvious from the relatively small DAR within days 
(median < 10 m for both species). Nonetheless, some fishes (41% for H. 
flavolineatum and 64% for H. sciurus) did move between habitat types within 
days: they mostly moved from mangroves and rocky shoreline to the seagrass 
bed during the afternoon, but there was little movement from seagrass beds 
back to the rocky shoreline or mangrove stands, meaning that once in the 
seagrass beds, fishes stayed there for the remaining part of the day. This 
suggests that part of the population of these species already move to the 
seagrass beds during T2 and T3 (11:45–17:30 h, i.e. during daylight). This 
contrasts observations and the general belief that grunts resting in structurally 
complex habitat types during the daytime move to feeding grounds around or 
just after sunset (e.g. Ogden & Ehrlich 1977, McFarland et al. 1979, Rooker & 
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Dennis 1991). However, because we did not count all Haemulidae (tagged 
and untagged), we cannot rule out the possibility that the bulk of migration 
occurs around sunset. For H. flavolineatum in the present study (size range 
6–11 cm) the movements to the seagrass bed in the afternoon are probably 
for the purpose of feeding, because seagrass beds are used as daytime 
feeding habitats by 5–10 cm sized H. flavolineatum (Verweij et al. 2006b). The 
same may be true for small individuals of H. sciurus. In agreement with our 
results, another study in the same bay showed that 5–10 cm sized H. 
flavolineatum leave the fringing mangroves after 15:30 and start foraging 
actively on the adjacent muddy substratum (Verweij et al. 2006b); the same 
phenomenon has been observed on the Caribbean island of Aruba (Verweij et 
al. unpublished data). The timing of grunt migrations is strongly influenced by 
predator presence, as was shown experimentally on patch reefs surrounded 
by seagrass beds (Helfman 1986). Low numbers of piscivorous predators in 
shallow embayments of Curaçao and Aruba might facilitate grunt movement 
to seagrass beds during daylight. The shift between habitat types between the 
late afternoon and morning resightings on two subsequent days for 
Haemulidae was most often from seagrass beds to mangroves or rocky 
shoreline. This suggests that the fishes residing in the seagrass beds during 
the afternoon may stay overnight (to feed), after which they move back to the 
shelter of mangroves and rocky shoreline in the morning of the following day.  
Another type of between-habitat movement involved movement directed 
towards the coral reef, which is the presumed adult habitat of H. 
flavolineatum. One recaptured coded wire tagged H. flavolineatum moved 
1350 m towards the bay mouth, thus in the direction of the coral reef. 
Moreover, in a follow-up experiment, during which 345 H. flavolineatum were 
caught on the coral reef up to 350 m away from the bay mouth, 1 fish tagged 
with CTW at a length of 9.8 cm at the bay rocky shoreline was recaptured at a 
length of 14.2 cm on the coral reef 2000 m away from the tagging site. Even 
though reef-directed movements were only observed for two fishes, they do 
indicate that some H. flavolineatum may grow up in bay nurseries and move 
towards the reef at later life-stages. 
The spatial distribution of daytime sites (DAR across days: H. 
flavolineatum range 4–171 m, H. sciurus 4–152 m) showed that individuals do 
not always use the exact same sites every day, and that used sites are 
sometimes located at some distance from one another. However, daytime site 
use across days was relatively small in comparison to the available 
continuous structurally complex habitat (kilometres), and only two recaptured 
coded wire tagged fishes showed movement in this order of magnitude (1350 
and 2000 m). Moreover, both species used one specific core area within their 
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DAR most intensively and, in agreement with our hypothesis, in continuous 
seagrass beds and rocky shoreline with mangrove stands, where fishes 
theoretically have a choice from a wide range of apparently suitable resting 
sites, H. flavolineatum and H. sciurus showed high fidelity to specific locations 
over periods up to 47 days (short-term tag data). H. flavolineatum were even 
recaptured at their tagging locations after 163–425 days (long-term tag data). 
However, had long-term site fidelity been high, recapture numbers of coded-
wire tagged H. flavolineatum would have been expected to be higher than 
4.6%. Nonetheless, for fishes showing site fidelity, our findings implicate that 
in the morning, fishes mostly return to the same familiar sites after their 
nocturnal foraging elsewhere, for at night most tagged fishes were not present 
at their daytime sites, and Haemulidae sized 4–12 cm are known to move 
100–300 m to nocturnal foraging grounds during twilight (Ogden & Ehrlich 
1977). Return to familiar daytime sites is also reflected by the relatively small 
linear distances between late afternoon and morning resightings on two 
subsequent days (median 15 m for H. flavolineatum and 18 m for H. sciurus). 
A preference for familiar daytime resting sites in a continuous reef habitat type 
has been shown experimentally for planktivorous Apogonidae, which chose to 
return to original resting sites after being displaced distances of 1–2 km, 
rather than choosing apparently suitable resting sites nearer to the release 
site (Marnane 2000).  
The present study clearly shows that Haemulidae move between different 
back-reef habitats. These may form a mosaic of essential habitat types for 
grunts, and an increasing number of studies address the importance of 
ecological processes that function on a landscape (or seascape) scale and 
influence populations (e.g. Layman et al. 2004, Boström et al. 2006). Since 
coastal development can lead to habitat fragmentation, which may negatively 
affect habitat connectivity, our finding of a high degree of habitat connectivity 
has implications for managing these habitats. Habitat fragmentation has also 
occurred in our bead-tag study area (Fig. 1), where, after finishing the current 
study, an estimated 75% of the largest mangrove stand was cut away to build 
a house. The destruction of intensively used sites (core areas of presence) of 
fishes may have detrimental effects on the fish population because of the 
strong site fidelity of fishes.  
 
 
Conclusions 
 
The present study shows that juvenile Haemulon flavolineatum and H. sciurus 
show fidelity to daytime sites across periods between 47 and 425 days, even 
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though these sites were located in extensive and spatially continuous back-
reef habitats. The data furthermore show that part of the H. flavolineatum and 
H. sciurus population sheltering in shoreline shelter habitats (mangroves and 
rocky shoreline) during daytime move to adjacent seagrass beds in the 
afternoon (after 11:45 h), likely to start feeding in seagrasses during daylight. 
They probably continue feeding here during night time, away from the daytime 
shelter sites, but in the morning of the next day, most fishes return to exactly 
the same shoreline shelter sites as those of the previous day. The current 
study thus provides direct proof of connectivity between back-reef habitats 
through fish movement, although on a relatively small spatial scale. 
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ABSTRACT To study space use of snappers in a putative nursery area (a 
Caribbean embayment with mangroves and seagrass beds) and their 
movement to the presumed adult habitat (a coral reef), 59 sub-adult 
schoolmaster snappers Lutjanus apodus (Walbaum 1792) were caught in the 
embayment, tagged individually, and surveyed from 17 to 90 days. Most 
fishes (N = 48) were resighted only inside the embayment: 94% of all 
resightings were located along the structurally complex rocky bay shoreline. 
The maximum linear distance between resightings was small within days 
(median distance moved = 5 m), and larger across days (median distance = 
34 m). Fishes showed high fidelity to daytime shelter sites: 80% of all 
resightings were within a 10 m radius around a 2 m wide core area of 
presence. Four of the largest L. apodus (size range 17.8–20.0 cm) were 
resighted 1–30 times (over 31 d) on the adjacent coral reef, and they showed 
larger maximum distances between resightings across days (median distance 
= 217 m) than L. apodus that were only resighted in the embayment (median 
distance = 28 m). This is the first study providing direct evidence of 
connectivity between a putative nursery area in a tropical non-estuarine 
embayment and the adult coral reef habitat, based on observations of tagged 
fishes. 
 
 
Introduction 
 
Ontogenetic migration of coral reef fish species that use putative nursery 
habitats such as mangroves and seagrass beds when juvenile, and the coral 
reef when reaching maturity, remains to be directly quantified. Such ‘nursery 
species’ seem to use different habitat types during different life-stages in order 
to minimise mortality and maximise growth (Dahlgren & Eggleston 2000, 
Adams et al. 2006). Up to now, the presumed nursery function and 
ontogenetic habitat shifts are mostly inferred from (1) different size-frequency 
distributions of fish in the various juvenile and adult habitat types (e.g. 
Appeldoorn et al. 1997, Nagelkerken et al. 2000b, Nakamura & Sano 2004b), 
(2) the distribution of fish along coastal coral reefs near and far away from the 
presumed nursery habitats in embayments (Dorenbosch et al. 2004a, 2005, 
2007), and (3) the absence or low densities of adults of so-called nursery 
species on coral reefs of islands where these habitats are not present or very 
scarce (Nagelkerken et al. 2002, Mumby et al. 2004, Dorenbosch et al. 2005). 
Despite all this indirect evidence, actual ontogenetic migration by individual 
fishes from the nurseries to the coral reef has never been demonstrated, 
although such information is very important for the conservation of interlinked 
habitat types that function as complete ecosystems (Beck et al. 2001, 
Gillanders et al. 2003).  
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Recent technological developments hold great promise for elucidating 
such migration patterns by the use of markers or tracers such as stable C and 
N isotopes (Fry 1999, Rubenstein & Hobson 2004) and trace elements in 
otoliths (Chittaro et al. 2004). In tropical non-estuarine regions, however, 
these methods may lack discriminative power, due to the relatively small 
spatial scales involved (Chittaro et al. 2005a), and due to absence of 
freshwater input giving distinct signatures to coastal regions. For instance, a 
recent otolith microchemistry study of the schoolmaster snapper Lutjanus 
apodus (Walbaum 1792) showed that there was too much overlap in 
elemental signatures between reef and mangrove habitats separated by 1–54 
km to indicate movement between them (Chittaro et al. 2006). Therefore, 
observing movements of artificially tagged fishes may be a more reliable and 
direct method when studying movements between nurseries and the coral 
reef.  
Among the so-called ‘nursery species’ are many snappers (Lutjanidae). 
Studies on movements of young snappers focussed on their daily migrations 
during twilight between daytime resting habitats in mangroves and nighttime 
feeding habitats in soft bottom substrates, such as seagrass beds. These 
studies, however, only infer movement and habitat connectivity by comparing 
daytime and nighttime fish abundances (Rooker & Dennis 1991, Nagelkerken 
et al. 2000c). Other than these migrations, virtually nothing is known about 
other types of movement and site fidelity in back-reef habitats. Only two short 
(< 2 weeks) studies report on site fidelity of tagged juvenile snappers in 
Caribbean seagrass beds (Ocyurus chrysurus (Bloch 1791): Watson et al. 
2002) and in Indo-Pacific rocky shoreline structures (Lutjanus fulviflamma 
(Forsskål 1775): Dorenbosch et al. 2004b). 
We studied the movement patterns of snappers in a putative nursery area 
(a shallow Caribbean embayment with mangroves and seagrass beds) and 
movement to the presumed adult habitat (the coral reef). We tagged sub-adult 
Lutjanus apodus caught along the eroded fossilized coral shoreline of this 
embayment, located adjacent to a living coral reef. We surveyed these fishes 
over 17–90 d and examined: (1) daytime activity radii (linear distances 
moved), (2) fidelity to diurnal resting sites, and (3) the extent of movement 
among rocky shoreline structures, mangrove patches, a bay channel, and the 
adjacent coral reef.  
 
Materials and methods 
 
Study area – Our study was conducted in Spanish Water Bay (surface area 
approx. 3 km2, depth of most areas < 6 m) on the southwestern coast of 
SNAPPER MOVEMENTS WITHIN AND BETWEEN HABITATS 
89  
Curaçao, Netherlands Antilles (Fig. 1). The bay entrance is narrow and 
shallow (70–100 m wide, 5–8 m deep) and a relatively long (1.1 km) and deep 
(11–18 m) channel connects the inland embayment to an adjacent continuous 
fringing reef that extends westward and eastward outside of the bay and 
follows the coastline of the island.  
 
 
 
 
 
 
Figure 1. Map of Spanish Water Bay on Curaçao (‘C’) and the selected study 
area. Grey areas represent land masses, white areas represent water masses. 
The middle of the bay is dominated by macro-algal flats (Kuenen & Debrot 1995). 
Bold lines are survey and transect routes along the rocky shoreline, the channel, 
and coral reef drop-off. Black circles indicate locations of mangrove stands (4–20 
m long and 2–4 m wide). ‘CL’ = catch location, ‘reef visitors’ = Lutjanus apodus 
resighted on the reef. Depth given in meters (‘m’). Three reef zones could be 
distinguished: (1) reef in bay mouth, adjacent to channel; (2) reef in bay mouth, 
adjacent to sand bar; (3) reef extending outside of the bay. 
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The bay shoreline is formed by a fossil coral reef terrace with shaded 
notches, crevices, and boulders (de Buisonjé & Zonneveld 1960), which we 
refer to as ‘rocky shoreline’. Part of this bay shoreline is fringed by Rhizophora 
mangle (Linnaeus 1753), of which the roots are permanently inundated (mean 
tidal range is ca. 30 cm; de Haan & Zaneveld 1959). The bay also harbours 
seagrass beds, predominantly Thalassia testudinum (Bank ex König 1805). 
The selected study area included: the west side of (a) the channel-shaped 
bay area, (b) the bay mouth and start of the coral reef (0.5–5.0 m deep), and 
(c) the fringing coral reef extending outwards from the bay (Fig. 1). In the 
western channel-shaped bay area, the four fringing mangrove stands and 
rocky shoreline were marked by a 540 m long nylon twine line attached to the 
substratum (depth 0.2–1.0 m) and following the contours of the shoreline at a 
distance of approx. 3 m from the high tide waterline (Fig. 1). To demark the 
channel habitat, a 200 m long nylon line was placed which followed the 
channel drop-off at a depth of 3–4 m (Fig. 1). Both bay transects were divided 
into 2 m sections. The reef transect was 225 m long, followed the drop-off at a 
depth of 3–4 m (Fig. 1), and was marked every 8–10 m. Bay transects were 4 
m wide, while the reef transect was 20 m wide.  
 
Catching and tagging of fishes – Lutjanus apodus were caught during the 
daytime and nighttime, using Antillean fish traps baited with squid. Fishes 
were caught at eight locations at the rocky shoreline (Fig. 1). Captured fishes 
(N = 59) were kept briefly in an underwater net and were tagged with markers 
consisting either of monofilament line and colored beads (line diameter 0.18–
0.25 mm, bead diameter 1.5–2.6 mm), or of colored plastic plates (fingerling 
tags, 3.2 × 6.4 mm and vinyl stretchable thread, Floytag). Before tagging, fish 
fork length (FL) was measured to the nearest mm, and the fishes were 
wrapped in a wet cloth. Tags were inserted into the muscle tissue just under 
the anterior or the central part of the dorsal fin base, using a hollow injection 
needle (diameter 0.50 mm for monofilament line, diameter 1.10 mm for vinyl 
thread). The skin was pierced at a downward angle of about 60° to the fishes’ 
body, so that scales were not torn off. On the thread protruding from the other 
side of the fish, a single bead (in case of fingerling tags), or the mirror image 
of the series of beads (maximum of two) was attached. The tag was fastened 
at the end with a knot. The number and combination of colored beads or 
plates was unique to each fish so that each individual could be recognized 
underwater. Tagged fishes were released at their catch location and upon re-
lease all fishes swam away vigorously. The tagging procedure took < 1 minute 
and needles were cleaned with diluted ethanol before tagging the next fish. 
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Surveys – The study period lasted from 22 March to 28 June 2005 (99 days). 
Fishes were tagged on 24 different days between day 1 and day 60, and 
surveys took place on 47 days between day 4 and day 99. Surveys were 
conducted by four observers using snorkelling gear between 1000-1200 
and/or 1530-1730. When a tagged individual was resighted, the tag code, 
time, and location were recorded. Bay transects (width 4 m) were surveyed 
once within a time-interval, while the much wider reef transect (width 20 m) 
had to be surveyed twice to cover the entire width (i.e. surveying two 10 m 
wide transects). If an individual was resighted more than once during the 
same time interval, only the first resighting was used.  
During some surveys, areas outside the marked line transects were also 
searched, including the seagrass beds between the bay shoreline and 
channel transect, the transition-zone between the rocky bay shoreline and the 
coral reef habitat (the ‘sand-rubble zone’: 115 m long, up to 2 m deep, 40–45 
m wide), a 100–300 m extension of the reef transect away from the bay, and a 
100 m extension of the rocky shoreline transect deeper into the bay (Fig. 1). 
Additionally, channel and reef zones deeper than 3 m were surveyed by two 
SCUBA divers (once in the channel, thrice on the reef).  
To determine whether fishes had moved away from their daytime sites at 
night, surveys were conducted by four snorkelling observers holding 
flashlights between 2000 - 2130 on days 53 and 58. These surveys were 
carried out in the same areas as the daytime surveys, including all unmarked 
areas described above, except for channel and reef zones >3 m deep. 
 
Data analysis – Fish movement was characterized in terms of (1) daytime 
activity radius, (2) site fidelity, and (3) between-habitat movement. We 
refrained from using the term ‘home range’ because we only examined 
daytime space use and believe that ‘home range’ should include both daytime 
and nighttime activity spaces.  
Because all fishes were exclusively resighted along longitudinal transects 
during daytime, their activity radius was expressed as the linear distance 
between the two most extreme resighting locations (following Zeller, 1997, 
Chapman & Kramer, 2000). This is the minimal distance a fish has traversed. 
When an individual was resighted in the same transect section only, the 
activity radius was assumed to be 2 m (i.e. the length of transect sections 
between markers in the channel-shaped bay area). The daytime activity 
radius was calculated for two time-scales: (1) ‘within days’, for individuals 
resighted during the two different time intervals on the same day, and (2) 
‘across days’ over a period of 17–90 d, using the first resightings of all time 
intervals of the entire study period.  
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Site fidelity was calculated by measuring the linear distance of all 
resightings to the 2 m wide transect section where an individual was resighted 
most frequently, i.e. the ‘core area of presence’. Because site fidelity is a 
process covering relatively long time periods, it was only calculated for the 
time-scale ‘across days’. To assess the relationship between the use of the 
core area of presence and time, we calculated the linear distance to this core 
area for each chronological resighting. Then, we performed a linear 
regression (SPSS 14.0) between this distance (dependent variable) and the 
consecutive resightings (independent variable). 
Home range parameters and activity radii may be influenced by the number 
of resightings (Odum & Kuenzler 1955, Laundré & Keller 1984, Samietz & 
Berger 1997), and interpreting data from individuals with too few resightings 
may lead to an underestimation of the actual activity radius. Therefore, we 
calculated movement patterns across days only for those fishes of which the 
activity radius reached a horizontal asymptote (thus did not increase any 
further) with an increasing number of resightings (following Zeller 1997). To 
find out which fishes met this criterion, we created area observation curves for 
each separate individual. We calculated the maximal linear distance between 
all previous and every consecutive resighting and plotted this against the 
number of resightings. Fishes showed no increasing activity radius after 9 
resightings, so we calculated activity radii and site fidelity across days only for 
individuals resighted at least 10 times.  
Besides the number of resightings, fish size may also influence their space 
use, because as fishes grow larger their home range may increase if the 
provision of resources requires a larger area (Grant 1997, Jones 2005). Even 
though all fishes in our study were sub-adults (see Discussion), individual 
size-related changes in movement patterns may occur while nearing sexual 
maturity. Therefore, relationships between the number of resightings and fish 
size (independent variables) and the linear activity radius and the percentage 
of resightings at the core area of presence (dependent variables) were tested 
using linear regressions (SPSS 14.0). When testing the activity radius within 
days the effect of fish size was tested using simple linear regression. When 
testing the activity radius and site fidelity across days, the total number of 
resightings was also added as an independent variable to the linear 
regression (i.e. multiple linear regression). Multicollinearity was not present, 
as no correlation could be demonstrated between fish size and the total 
number of resightings.  
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Results 
 
Resightings – The size of the 59 tagged fishes ranged from 13.2–21.0 cm 
FL. Fifty-two of the 59 tagged L. apodus (88%) were resighted at least once. 
Fishes with 10 resightings or more (N = 21) were resighted 17 times on 
average (range 10–33 times) across an average period of 39 days (range 17–
90 d). After about six weeks most fishes had either lost the tag or the tag 
colors were no longer recognisable due to algal fouling.  
Tagged fishes were never resighted in the bay channel during daytime, or 
in unmarked seagrass beds or deeper zones of the channel and reef. During 
the complete study period most fishes (N = 48) were only resighted inside the 
embayment. Of all L. apodus resightings, 94% were concentrated at the rocky 
shoreline. Exceptions were three L. apodus that were also resighted 
occasionally in the mangroves (1% of all resightings) and four L. apodus that 
were resighted on the coral reef (‘reef-visitors’: 5% of all resightings). 
During night-time observations 12 L. apodus were resighted: six of them 
were resighted at the rocky shoreline, while the other six were resighted in 
seagrass beds. The median distance that these fishes had moved away from 
the location where they had been resighted during the late-afternoon on the 
same day was 11 m (range 2–176 m) and the median distance away from 
their daytime core area of presence was 7 m (range 2–230 m). 
 
Activity radius – The daytime activity radius showed no significant linear 
relationship with fish size or the number of resightings (within days (N = 33): 
fish size R2 = 0.058, P = 0.178, semi-partial correlation ‘spc’ fish size = -0.240; 
across days (N = 21): R2 = 0.038, P = 0.704, spc fish size = -0.025, spc 
resightings = -0.189). Lutjanus apodus only moved short distances within 
days (median 5 m), regardless of whether they were resighted on the reef or 
not (Fig. 2). The activity radius across days was larger than within days, and 
was much larger for fishes resighted on the reef (median 217 m) compared to 
those resighted in the embayment (median 28 m) (Fig. 2). One individual 
resighted on the coral reef (not included in Figure 2: see legend) had an 
activity radius across days of 262 m, which is within the range of the activity 
radii across days of the other three reef-visitors (Fig. 2). 
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Figure 2. Boxplots of daytime activity radii: linear distances between the two 
most extreme resighting locations for Lutjanus apodus calculated for the time 
scales ‘within days’ (for fishes resighted during the two different time intervals on 
the same day), and ‘across days’ over a period of 17–90 days (for fishes 
resighted at least 10 times), and calculated separately for fishes not resighted on 
the reef (left panel) and those resighted on the reef at least once (right panel). A 
boxplot indicates the median (horizontal line in box), the interquartile range (box 
height), 10 and 90 percentiles (whiskers), and outliers (dots). N is the number of 
individual fish (sample size) and differs as a result of the different time scales and 
criteria. The fourth fish resighted on the coral reef is not included in this figure 
because it was resighted only six times (but see text). 
 
Site fidelity – The percentage of resightings at the core area of presence 
showed no linear relationship with fish size or the number of resightings (N = 
21, R2 = 0.135, P = 0.272, spc fish size = 0.327, spc resightings = -0.030). 
Fishes frequently observed (i.e., >10 times, N = 21) were most likely to be 
resighted within a 10 m radius around the core area of presence (80% of all 
resightings) (Fig. 3a). The distance between each chronological resighting 
and the core area of presence did not change through time (N = 21, R2 = 
0.070, P = 0.136). Sixteen of the 21 fishes shared the area of a 10 m radius 
around their core area of presence with at least one other tagged individual, 
while the remaining five fishes showed solitary core areas (Fig. 3b). The core 
area of presence of two of the four L. apodus that were resighted on the reef 
was located on the reef (Fig. 3b, c).  
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Figure 3. (a) Site fidelity expressed as the mean percentage of resightings (‘rs’) 
at various linear distances away from the core area of presence (‘CAP’), both in 
the direction towards the reef and deeper into the bay, calculated separately for 
fishes not resighted on the reef (grey bars) and those resighted on the reef at 
least once (white bars). The fourth fish resighted on the coral reef was not in 
included in this figure, because it was resighted only six times. Note the 
increasing scale for the distance classes on the x-axis. (b) Locations of the core 
areas of presence along rocky shoreline and coral reef transect lines of Lutjanus 
apodus resighted at least 10 times (N = 21). Open circles indicate the eight 
capture and tagging locations. (c): see next page. 
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c) Movement between bay and reef
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Figure 3 – continued: (c) Locations of all resightings of four L. apodus individuals 
that moved between the embayment and the coral reef. The three reef zones 
correspond to those given in Figure 1. The black star is the capture and tagging 
location of individual (‘Ind’) 1, the white star indicates that of individuals 2 – 4. 
Arrows above bars indicate the core area of presence of individuals 1, 3, and 4 
(individual 2 only had six resightings, so no core area of presence was 
calculated). 
 
 
Between-habitat movement – Four fishes were resighted at least once on 
the coral reef. They were resighted at locations ranging between distances of 
30 and 90 m away from the open-spaced sand/rubble zone (Fig. 1, 3c), and 
were resighted at an average depth of 3.1 m (range 0.5–5.0 m). One of these 
individuals (Ind 1: Fig. 3c) was resighted only once on the reef (fourth 
resighting) and its other resightings (# 1–3 and # 5–10) were at the rocky 
shoreline in the channel-shaped bay area. The last resightings of the other 
three individuals were all on the reef. Individual 2 was resighted a total of six 
times: the first three resightings were at the rocky bay shoreline, while the last 
three were on the reef. Individual 3 was resighted a total of 33 times: the only 
resightings at the bay rocky shoreline were the 1st, 2nd and 20th resighting, 
meaning the last 13 resightings were on the reef. Individual 4 was resighted a 
total of 13 times: all of its resightings were on the reef. 
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Discussion 
 
Activity radius and site fidelity – During daytime Lutjanidae are known to 
shelter in or near structurally complex habitat types (Valdés-Muñoz & Mochek 
2001, Verweij et al. 2006a). In the present study, their inactivity was obvious 
from the small linear distances traversed within days (median distance 5 m), 
irrespective of whether they showed movement across days to the reef or not. 
The small within-day activity radii were not necessarily individual territories, as 
many fishes showed overlapping space use and core areas of presence, and 
often schooled with other, untagged Lutjanus apodus.  
Compared to within-day movements, the activity radius across days was 
relatively large (6–325 m), indicating that L. apodus does not always use the 
same shelter sites every day and that these sites are sometimes located at 
some distance from one another. However, the median activity radius across 
days was relatively small (34 m), when compared to the 540 m long area of 
structurally complex habitat available and surveyed along the bay shoreline. 
Moreover, only a small area within the activity radius across days was used 
most intensively: 80% of all L. apodus resightings were concentrated within a 
core area with a 10 m radius. The present study shows that in continuous 
rocky shoreline and mangrove patches, where fishes theoretically have a 
choice from a wide range of apparently suitable resting sites, L. apodus shows 
fidelity to specific locations over periods between 17 to 90 days. However it 
should be noted, that about half of the tagged fishes were never or rarely 
resighted. These fishes may have been much less site-attached than the 
others. Even though we performed surveys in an area that was as large as 
possible, the space use of the tagged fishes was limited to the confinements 
of the surveyed area (scale bias: see Pittman and McAlpine 2003). In a 
different study (tag-recapture: Verweij et al. unpubl. data) carried out in the 
same embayment, but at a much wider spatial scale (up to 1500 m across the 
entire bay) and during much longer time periods (up to 422 d), all recaptured 
L. apodus (N = 4 of N = 88 tagged with coded wire tags, Northwest Marine 
Technology) were still present at their initial tagging sites even after 287–422 
days at liberty (average FL at tagging = 15.2 cm; average FL at recapture = 
19.9 cm). This indicates that some L. apodus may show site fidelity across 
much longer time spans than was found in the present study, even when 
larger spatial scales are examined. Lutjanus apodus is known to move away 
from daytime resting sites to nocturnal foraging grounds during twilight (Sbikin 
1977, Rooker & Dennis 1991, Nagelkerken et al. 2000c), so a high site fidelity 
would imply that fishes often return to the same familiar sites in the morning 
(i.e. homing). However, occurrence of twilight migrations and homing may not 
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be true for all fishes because in our study half of the tagged fishes recorded 
during nighttime observations were still present in their daytime habitat or near 
their daytime core area of presence.  
Fishes are expected to increase their home range as they grow larger 
(Grant 1997, Jones 2005), or may even move to an alternative habitat type, 
e.g. due to an ontogenetic diet shift (Cocheret de la Morinière et al. 2003a). In 
the present study, however, fish size did not influence daytime activity radii or 
site fidelity. This may be due to the restricted size range of the tagged fishes 
which may have had similar diets: in Spanish Water Bay, all L. apodus sized 
13.2–21.0 cm mainly fed on decapod crustaceans and fish (Cocheret de la 
Morinière et al. 2003a). Furthermore, increased home ranges due to diet 
change may only be observable for nocturnal activity radii, and not for daytime 
activity radii, because this species forages predominantly at night (Starck & 
Davis 1966, Collette & Talbot 1972, Sbikin 1977). Reproductive behaviour can 
probably also be ruled out as cause of variation in movement patterns 
because all fishes in this study were sub-adults smaller than the maturation 
size of 25 cm (Starck 1971, Claro 1983, Munro 1983). However, fishes that 
moved to the coral reef were among the largest (17.8–20.0 cm) of the tagged 
individuals and may have been driven to do so due to the onset of ontogenetic 
changes in diet and social or reproductive behaviour.  
 
Between-habitat movement – Resightings of tagged L. apodus in the small 
and scarce mangrove stands were rare and may be a function of habitat 
geometry rather than fish preference, in which case fishes simply follow the 
structurally complex shoreline at a similar depth profile and do not distinguish 
between habitat types. We argue that this is not the case for the four L. 
apodus that were resighted on the reef, because (1) reef resightings were at 
greater depths (0.5–5.0 m) than bay resightings (0.2–1.0 m), (2) their daytime 
activity radius across days was much larger than that of other L. apodus 
individuals, (3) because the core area of presence of two of the four fishes 
was located on the coral reef, (4) because three of the four reef visitors were 
repeatedly resighted on the coral reef and their last resightings were on the 
coral reef (i.e. they were not observed to move back to the embayment), and 
(5) because all reef visitors had to cross a 115 m long, open spaced 
sand/rubble zone to move between two shelter-rich habitats (i.e. the bay 
shoreline and the coral reef). This also means that these fishes were probably 
not present on the coral reef just because the reef habitat was inside their 
average activity radius. Their reef visits may have represented an explorative 
first step (McKeown 1984, Kramer & Chapman 1999) in their presumed 
ontogenetic migration, when they are assumed to move to the reef habitat as 
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sub-adults or adults. An alternative explanation is that the reef-visitors were in 
fact ‘bay-visitors’ that occasionally visited the bay area and were captured and 
tagged at the rocky bay shoreline because they were attracted by the bait in 
the cage. This might be true for the two individuals that were resighted mainly 
or exclusively on the coral reef, but is less likely for the other two individuals, 
because their first resightings were inside the bay before they were observed 
on the reef, and one of these fishes moved back into the bay after the first 
reef-resighting and was not observed on the reef thereafter. We argue that 
these four fishes may have been at different stages of moving their home 
range to the coral reef. They were in the size range of fishes expected to start 
moving from the bay to the coral reef, because size-frequency distributions 
show that on fringing reefs of the Caribbean islands of Curaçao and Bonaire 
the smallest size of L. apodus is 20 cm, besides a very small percentage of 
15-20 cm sized L. apodus on the 0-3 m deep coral reef (Nagelkerken et al. 
2000a, 2000b). The possible stepwise migration process that these fishes 
might undertake is comparable to the observation that spiny lobsters move 
gradually between juvenile and adult habitats (Herrnkind 1980).  
 
 
Conclusions 
 
In summary, L. apodus moved small distances (~ 5 m) within days, while 
distances between daytime resting sites across days ranged between 6–325 
m, and were larger for the fishes resighted on the reef (median 217 m) 
compared to fishes that were only resighted inside the embayment (median 
28 m). Despite the fact that hundreds of meters of structurally complex habitat 
were available along the bay shoreline, fishes showed high fidelity to daytime 
shelter sites. Even though only 4 out of 59 fishes moved between the bay and 
the coral reef, the present study is the first showing a linkage between a 
putative nursery area in a tropical non-estuarine embayment and the adult 
coral reef habitat, based on observations of tagged fishes. Although the 
importance of this observation should still be established, e.g. by similar 
observations in other areas, this habitat connectivity has the management 
implication that a coral reef ecosystem should be protected in combination 
with back-reef habitats. 
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ABSTRACT We here provide strong evidence that seagrass beds act as 
nurseries providing fishes to adult populations of a coral reef fish. We studied 
this habitat connectivity by tracing life-history movements of the Caribbean 
reef fish Ocyurus chrysurus (yellowtail snapper). Carbon and nitrogen stable 
isotope variations in muscle tissue and otoliths (earbones) record former food 
sources and show that 98% of the O. chrysurus reef population has likely 
passed through seagrass nurseries as juveniles during their first two years of 
life. Our findings indicate a significant degree of habitat connectivity and 
stress that in order to conserve healthy reefs and sustainable fisheries of O. 
chrysurus, marine protected areas and fisheries reserves that traditionally 
focus on protecting only the coral reef habitat should be expanded to include 
seagrass nurseries. 
 
 
Introduction 
 
Marine protected areas (MPAs) and fishery reserves are essential to 
protect fish populations from intensive exploitation and to prevent habitat loss. 
Coral reefs are heavily overfished and threatened by loss of biodiversity 
(Bellwood et al. 2004, Newton et al. 2007). Most strategies for conservation, 
management, and sustainable fishing concentrate on the reef environment. 
However, a significant proportion of reef fish biomass consists of commercially 
important species whose juveniles occur in high densities not on the reef, but 
in mangroves and/or seagrass beds (Nagelkerken et al. 2000b, Mumby et al. 
2004). This spatial segregation of juveniles and adults has led to the 
hypothesis that mangrove and seagrass nurseries sustain coral reef 
populations (Adams et al. 2006). For decades this has been inferred from 
density data (Beck et al. 2001, Gillanders et al. 2003) but the genuine 
contribution of these ‘nurseries’ to the reef population has never been proven. 
 Mangrove and seagrass habitats are supposedly attractive settlement 
habitats to larval reef fishes from the open ocean because of high food 
abundance and low predation pressure (Parrish 1989). It remains unclear 
whether these fishes later replenish the adult reef population because their 
movement to the reef has never conclusively been shown (but see Kanashiro 
1998, Russel & McDougall 2005, Verweij et al. 2007b). Artificial tagging, 
although a direct measure of habitat connectivity, cannot be applied in most 
cases to small juvenile fish. Naturally occurring chemical and isotopic markers 
in bone and tissue samples are more promising for tracing migration patterns 
(Elsdon & Gillanders 2003, Rubenstein & Hobson 2004). Habitat differences 
such as temperature and salinity are recorded by trace element and oxygen 
isotope ratios in fish otoliths (earbones) (Campana 1999). However, ambient 
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water chemistry in non-estuarine tropical regions is relatively uniform making 
these tracers non-discriminating (Chittaro et al. 2006). In these regions, 
carbon stable isotopes are potentially more valuable tracers since δ13C (the 
ratio of 13C:12C) in both bone and tissue records food sources, which are 
typically enriched in (i.e., show higher values of) δ13C in seagrass beds, 
compared to more depleted offshore food webs (Boutton 1991, Fry et al. 
1999). 
 In this study we link δ13C recorded in muscle tissue and otoliths to life-
history movements of the coral reef fish Ocyurus chrysurus (yellowtail 
snapper) collected from two non-estuarine embayments harbouring seagrass 
beds (Spanish Water and Piscadera Bay) and from their adjacent coral reefs 
on the Caribbean island of Curaçao. A δ13C enrichment has been previously 
found in food sources in the seagrass beds that are enclosed by inland 
embayments in our study area (Cocheret de la Morinière et al. 2003b). These 
are spatially separated from nearby fringing coral reefs where food sources 
are depleted in δ13C. For additional discriminating power between habitat 
types we used δ15N (the ratio of 15N:14N) in muscle tissue, since this value has 
been shown to be distinctively high in areas polluted with sewage (Hansson et 
al. 2000). The inland bays around Curaçao are expected to be much more 
influenced by anthropogenic activity than the coral reefs.  
 O. chrysurus was selected for this study because size-frequency data 
strongly suggest that it grows up in coastal embayments with mangroves and 
seagrass beds (Nagelkerken et al. 2000b) with feeding predominantly taking 
place in seagrass beds (Nagelkerken & van der Velde 2004a). Inside Spanish 
Water Bay O. chrysurus ranges in size between 2.5 and 25 cm, while it has 
only been observed at sizes above 15 cm at the coral reef of Curaçao 
(Nagelkerken et al. 2000b). This suggests that migration takes place when 
fishes range between 15 and 25 cm in length, which corresponds to ages of 
about 1 to 2 years (using equations of Garcia et al. 2003). Another benefit of 
studying O. chrysurus is that it seems to be highly dependent on non-reef 
nurseries. This is suggested by lower population densities, or even complete 
absence of this species, on reefs of Caribbean islands without mangroves 
and/or seagrass beds, as opposed to those with these habitats, including 
Curaçao (Nagelkerken et al. 2002). Thus, the majority of Ocyurus chrysurus 
individuals collected from the coral reef habitat should hypothetically contain 
tissue or other body parts that record feeding within seagrass beds during 
earlier life stages. Unfortunately stable isotope signatures remain in muscle 
tissue for as little as several weeks or months after food consumption 
(Rubenstein & Hobson 2004). This means that muscle tissue data alone 
cannot identify reef fishes that have passed through seagrass nurseries as 
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they typically spend a significant part of their adult lives on the coral reef. 
Therefore, we expanded our study to include otoliths, which are metabolically 
inert and should thus permanently record the initial seagrass feeding 
signature. This process is irrespective of fish size, as newly grown CaCO3 
does not equilibrate with earlier mineralised and older core otolith zones 
(Campana 1999). Stable isotopes in otoliths, such as those of carbon and 
oxygen, have already successfully traced migration patterns of temperate and 
cold-water fishes (see references in Campana 1999). By combining muscle 
and otolith stable isotope data, our study provides highly plausible evidence of 
ontogenetic migration of coral reef fishes between tropical coastal habitats.  
 
 
Materials and methods 
  
Study area – Spanish Water Bay and Piscadera Bay are non-estuarine inland 
embayments (Fig. 1). Both bays have narrow mouths (70–100 m wide) and 
entrance channels of up to 1 km in length. The channels lead to shallow 
(mostly < 6 m deep) inland bay areas with seagrass beds, algal flats, sub-
merged mudflats, and rocky shorelines (fossilised reef terraces) with fringing 
mangroves. A fringing coral reef starts at the mouth of both bays and extends 
outwards, following the coastline both east- and westwards. This reef is 
spatially separated from seagrass beds and other bay habitats, and consists 
of a reef flat of up to 150 m wide that leads to a drop-off at a depth of about 5–
8 m. Here the reef slopes down to about 30 m deep and ends in a sand flat.  
 
Species collection – Fishes and potential food sources were collected in bay 
(mainly in seagrass) and reef habitats (see Fig. 1 and Table 1). Reef fishes 
were collected in two areas: 300–1500 m away from the bay mouth (reef-far) 
and in the bay mouth where the reef started (reef-mouth). Among reef fishes, 
mostly the smaller specimens were captured, hypothetically recent immigrants 
from the bay. We collected fishes using hook and line. Muscle tissue was 
analysed for fishes collected during the year of 2006 and for some additional 
reef-far fishes collected during 2002. Otoliths were analysed for bay and reef-
far fishes collected during 2002 and 2006.  
 The diet of Ocyurus chrysurus has been identified in earlier studies of 
stomach contents, and consists mainly of benthic crustaceans and 
zooplankton (Randall 1967, Cocheret de la Morinière et al. 2003b). Potential 
prey items from these species groups were gathered from the three collection 
areas (i.e. bay, reef-mouth and reef-far) of both bays during 2006. Plankton 
was collected at a water depth of approx. 1 m, using a plankton net with a 
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mesh size of 55 μm, and a gape diameter of 50 cm. Crustaceans were 
collected with tweezers or small hand nets while snorkelling (bay) or SCUBA-
diving (coral reef). Each group of potential prey consisted of different species 
which showed some variations in δ13C. Unfortunately it is difficult to prove 
which of the selected prey samples were actually eaten by O. chrysurus, since 
the details of diet have never been accurately identified down to prey species 
level. Therefore, potential food items were pooled into species groups (see 
Table 1, Fig. 2) and we also analysed the stable isotope ratios of fish stomach 
contents. It is unclear how much carbon in the prey tissue in a stomach may 
be assimilated into muscle or otolith carbon. However this approach of 
analysing fish stomach contents does give more confidence about which food 
items are actually ingested and thus likely to be important. All specimens were 
stored in a freezer before further preparation. Exact sample sizes of fishes 
and food items are given in Table 1. 
 
 
 
Figure 1 – Study area and collection sites. Grey shading indicates seagrass beds 
and black shading is coral reef. Direction as indicated in upper left panel is the 
same for all other panels. 
 
Sample preparation and analysis – Fish muscle tissue was taken from the 
musculature below the dorsal fin, above the lateral line. Fish muscle, stomach 
contents, and potential food items were oven-dried at 60ºC for at least 96 
hours. Dried samples were ground to a homogenous powder with a mortar
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Table 1. Number of replicates of Ocyurus chrysurus muscle tissue, otoliths, 
stomachs, and food items. Bay collection sites consisted mainly of seagrass beds. 
Additionally, some fishes and food items from the bay area were collected in 
mangroves, mudflats, and rocky shoreline habitats. 
Bay Reef mouth Reef far
Spanish Water Bay
Muscle tissue 20 24 28
Otoliths 17 - 30
Stomach contents 5 2 7
Plankton 11 15 8
Crustacea (pooled) 19 6 13
Amphipoda 1 - -
Crabs 3 3 8
Shrimp 15 3 5
Piscadera Bay
Muscle tissue 16 22 30
Otoliths 19 - 21
Stomach contents 12 4 7
Plankton 23 13 12
Crustacea (pooled) 47 15 12
Amphipoda 9 - -
Crabs 9 11 9
Mysidacea 19 - -
Shrimp 10 4 3
 
 
and pestle. All inorganic carbon (CaCO3) from crab samples was removed by 
adding 20–30% HCl (Jacob et al. 2005). These acidified samples were dried 
at 90ºC during 90 hours. Crab sub-samples for N isotope analysis were not 
decalcified. Samples were weighed accurately into tin containers (fish muscle: 
0.25–0.35 mg, stomach contents and prey items: 0.25–3.50 mg depending on 
the element (C or N) and species). The isotope ratios of 12C and 13C, and 
those of 14N and 15N were measured using a Finnigan EA-IRMS (elemental 
analyser-isotope ratio mass spectrometer) with Dynamic flash Combustion. 
Carbon and nitrogen isotope ratios are expressed in standard delta notation: 
δ13C = (Rsample/Rstandard-1) × 1000 ‰, where R is the ratio of 13C/12C and 
Rstandard is for Vienna Pee Dee Belemnite; δ15N is expressed using the same 
equation where R is the ratio of 15N/14N and Rstandard is atmospheric nitrogen. 
Mean reproducibility of δ13C and δ15N was within 0.15‰. 
 Fish otoliths (sagittae) were removed and stored in a freezer. They were 
cleaned ultrasonically in 1 mL 100% methanol, and then in Mili-Q. Otoliths 
were dried overnight at 70ºC. Sagittae from the right side of the head were 
selected for analyses. They were measured, weighed, and mounted on glass 
plates. After embedding the otoliths in resin, they were cross-sectioned in the 
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transverse plane through the core. For fishes from bay and reef-far locations, 
we analyzed the otolith margin (reflecting the current habitat) and additionally, 
for reef fishes, the juvenile zone (possibly reflecting earlier life in bay 
nurseries) (see inset Fig. 4a). Juvenile zones targeted in reef fish otoliths were 
measured to have a similar mean width to those of juvenile bay fish. Otolith 
material was drilled out with a micromill that sampled a crater with a diameter 
of ca. 0.35 mm. Two craters were drilled per sample on opposite sites of the 
cross section, approximating the same life stage (see Fig. 4A), to provide 
sufficient otolith material for one analysis. Pulverized otolith material (weight 
≥10 μg) was collected with a scalpel and put into glass tubes. At a 
temperature of 80°C, a few drops of 100% orthophosphoric acid were added 
to digest all CaCO3. The isotope ratios of 12C and 13C of the released CO2 
were measured by a Finnigan MAT 252 mass spectrometer equipped with an 
automated carbonate extraction line (Kiel device). The NIST SRM 8544 (NBS 
19) carbonate standard was routinely monitored during sample runs. Mean 
reproducibility of δ13C by this latter technique was within 0.05‰. 
 
Statistical analyses – C and N isotope ratios of potential food items and 
stomach contents (dependent variables) were tested for differences among 
collection areas (independent factor) using oneway ANOVA (SPSS 14.0). 
Post-hoc tests for ANOVA were Gabriel’s (for unequal sample sizes; Field 
2005). In case of heterogeneity of residual variances as shown by the 
Levene’s test, we used the non-parametric Kruskal-Wallis followed by the 
Games-Howell post-hoc test (Field 2005).  
 C and N isotope ratios of muscle tissue and fish otoliths (dependent 
factors) were tested for differences among collection areas, years, size (i.e., 
fork length for muscle tissues, otolith width for otoliths), and otolith zone (i.e., 
juvenile versus adult zones) (independent factors) using Mixed Linear Models 
in SAS 8.2 (Verbeke & Molenberghs 1997). For otoliths of reef fishes, the 
juvenile and adult zones of the same fish were treated as a repeated variable. 
 
Results  
 
Food – Isotopic signatures for potential food items contrasted strongly 
between bay and reef locations. Crustaceans and plankton from bay habitats 
were significantly more enriched in δ13C and/or δ15N than those from one or 
both reef areas (Fig. 2, Table 2). Enrichment in δ15N of bay food sources was 
likely due to high eutrophication, especially in Piscadera Bay. Isotopic varia-
tions of fish stomach contents reflected those of the most likely food items: 
stomachs of bay fishes closely resembled isotopic values of bay crustaceans 
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and were significantly enriched compared to stomach contents of reef-far 
fishes (Fig. 2, Table 2). Reef-mouth fishes showed values in-between these 
two, although the small sample size may influence our interpretation (Fig. 2, 
Table 2). 
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Figure 2. C and N isotope ratios (mean ‰ ± S.E.M.) of potential food items and 
of Ocyurus chrysurus stomach contents from (a) Spanish Water Bay and (b) 
Piscadera Bay. The dotted line-in (panel b) indicates the data range of Spanish 
Water Bay. Crustacea consisted of Amphipoda, Mysidacea, and crabs and 
shrimp (Decapoda). The number of replicates per food group varied between 6 
and 47 (mean N=16) (for exact N: see Table 1). Note that the number of stomach 
content samples of the reef-mouth area of Spanish Water Bay was very low. 
 
Muscle – Isotopic variations of fish muscle tissue followed the same trends as 
those shown by potential food items and stomach contents. Muscle tissue of 
bay fishes was significantly more enriched in δ15N and/or δ13C than that of 
reef-far fishes, and values of reef-mouth fishes were scattered in between 
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those two (Fig. 3, Table 2). However, a large proportion of reef-mouth fishes 
fell within the bay range of δ13C and/or δ15N (58% and 27% for Spanish Water 
and Piscadera, respectively, Fig. 3). Most of these were small fishes, while 
larger ones were typically more δ15N and/or δ13C depleted and approximated 
reef-far fishes (L and XL) (Fig. 3, Table 2). Some smaller reef-far fishes (21% 
and 20% of all reef-far fishes of Spanish Water and Piscadera, respectively) 
also showed a bay-like signature (Fig. 3). Statistical analysis confirmed that 
these stable isotope variations of muscle tissue were explained for a large 
part by fish size (Table 2), which co-varied strongly with catch area. 
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Figure 3. C and N isotope ratios of Ocyurus chrysurus muscle tissue from (a) 
Spanish Water Bay and (b) Piscadera Bay. The dotted line-in (panel b) indicates the 
data range of Spanish Water Bay. Fish size-classes are represented by symbol size; 
bay small (S) = 6.5–7.5 cm, bay large (L) = 7.5–12 cm, reef-mouth and reef-far S = 
10–15 cm, reef-mouth and reef-far L = 15–20 cm, reef-far extra large (XL) = 20–40 
cm. Fishes were considered adult at fork length > 26 cm, the size of sexual maturity 
(Claro 1983). 
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Otoliths – Otolith width increased linearly with fish fork length at both bays  
(N > 40, 0.949 < R2 < 0.954, p < 0.001) and thus closely reflected fish size. 
Otolith δ13C (Fig. 4) was more enriched than that for corresponding muscle 
tissue (Fig. 3) because otolith carbon is only partly (10–30%) metabolically 
derived (Kalish 1991, Schwarcz et al. 1998, Campana 1999). The majority is 
taken up from dissolved inorganic carbon (DIC) in the water column which has 
a δ13C of approximately +1‰ (Schwarcz et al. 1998).  
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Figure 4. Otolith width versus otolith C isotope ratios of Ocyurus chrysurus from 
(a) Spanish Water Bay and (b) Piscadera Bay. FL = fish fork length. Analyzed 
reef fishes were those of the reef-far location. Inset (panel a): transverse cross- 
sections of reef fish otolith and smaller juvenile (bay fish) otolith. Dashed lines in 
the inset represent the distance between the two replicate locations that were 
sampled to collect sufficient material for analysis. This distance is expressed as 
‘otolith width’ on the x-axis. JZ = juvenile zone of fish otoliths (diamonds = 
margins of bay juveniles, white circles = juvenile zones of reef fishes), RM = reef 
fish otolith margin (black circles). 
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 Reef-far fishes with depleted (i.e., reef-like) δ13C in their muscle tissue also 
showed a depleted δ13C at their otolith margin, but their juvenile otolith zone 
was relatively enriched (Fig. 4) and was similar to that of the otolith margin of 
fishes from the seagrass bed. In only one case (at Spanish Water) the juvenile 
otolith zone of a reef-far fish was not enriched (Fig. 4a). For some reef fishes 
(19% at Spanish Water, 52% at Piscadera) otolith margins showed bay-like 
signatures: this was the case for smaller reef fishes (< 22.5 cm). As with the 
muscle δ13C data, most otolith δ13C variation was explained by fish size (here 
reflected by otolith size that co-varied with the three collection areas), but 
significant effects were only found for Spanish Water (Table 2) probably 
because at Piscadera mainly smaller-sized reef fishes were analysed (see 
Discussion). Despite this, data of Piscadera showed the same pattern as that 
of Spanish Water (Fig. 4). 
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Discussion 
 
The shift in stable isotope composition of muscle tissue coincides with the 
hypothesised ontogenetic migration of Ocyurus chrysurus from seagrasses to 
coral reef, but also with the age and size of the fish. We argue below that this 
shift is not a main effect of growth, but that these isotopic variations are most 
likely explained by gradual fading of the enriched seagrass nursery signature 
after ontogenetic migration to the reef. This fading probably results from 
approaching the reef-like (i.e., depleted) isotopic equilibrium during renewal of 
muscle tissue. This interpretation also explains why only the smaller reef 
fishes, possibly the most recent immigrants, more closely resembled isotopic 
signatures of bay fishes.  
 Explanations other than ontogenetic movement to the coral reef can most 
likely be ruled out. Firstly, the metabolic dilution of the isotopic signal of 
smaller fishes on the reef could hypothetically represent fishes originating 
from the reef, but showing feeding migrations into the bay. The fact that reef 
fish stomach contents resemble reef food items and not those from the bay 
discards this possibility. Secondly, the observed depletion in muscle δ15N 
and/or δ13C with growth may hypothetically be an effect of an ontogenetic diet 
shift while fishes live within only one type of habitat. However, this cannot 
explain our data since the trophic level (indicated by δ15N) of O. chrysurus and 
other fish species increases with ontogeny. More specifically, for O. chrysurus 
Cocheret de la Morinière et al. (2003b) have showed that fishes collected 
from the Spanish Water Bay displayed a significant increase of δ15N with 
increasing fish size, which coincided with increased prey fish consumption. 
Thus, if our observed variations were an effect of ontogeny alone, reef fishes 
should show increasing δ15N with increasing size and age. Our data of 
Piscadera Bay are the strongest case against this possibility. Here, muscle 
tissue of older and larger reef fishes at higher trophic levels showed much 
lower values of δ15N than smaller reef fishes at lower trophic levels. This is 
more readily explained by movement from the polluted and eutrophicated 
embayment towards the reef environment with more pristine and lower levels 
of δ15N in the food web.  
Likewise, the depletion of otolith δ13C with increasing fish size cannot be 
an effect of somatic growth, because otolith δ13C enriches with body size 
(e.g., Campana 1999, Huxham et al. 2007) when the corresponding decrease 
in resting metabolism leads to more otolith carbon being derived from 
relatively enriched DIC (Kalish 1991, Schwarcz et al. 1998). The observed 
depletion of otolith δ13C with increasing fish size followed the same direction 
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as that of fully food-derived carbon of muscle tissue, and can more readily be 
explained by ontogenetic migration to the reef with depleted δ13C food webs.  
Our main purpose for using otoliths was to access an earlier period in the 
feeding history of the fish than that provided by muscle tissue. It was indeed 
possible to do this and reef fishes with depleted, reef-like isotopic signatures 
in their muscle tissue still showed enriched signatures indicative of feeding 
from the seagrass-based food web in the juvenile zone of their otoliths. The 
otolith margins of most reef fishes were depleted in δ13C and confirmed that 
reef fishes had been living and feeding on the reef for a significant period of 
time, while their enriched juvenile zones (true for 50 out of 51 fishes) reflected 
feeding inside seagrass beds at an earlier life stage. Otolith margins of a few 
smaller reef fishes (fork length 12.8–22.5 cm), most abundantly collected at 
Piscadera, did not appear to support ontogenetic migration because they 
showed bay-like signatures. However, this may be due to the fact that these 
fishes were recent reef immigrants that experienced a time-lag between 
migration and the formation of a 0.35 mm thick increment of CaCO3 at the 
otolith margin, which was the otolith portion that was sampled for δ13C 
analysis. Otoliths grow daily, but the daily increments of lutjanids are only 
several µm thick (e.g. Szedlmayer 1998, Zapata & Herrón 2002). It could 
therefore take up to several months to grow sufficient CaCO3 to be seen by 
the spatial resolution of our sampling technique. Linear regression between 
the fork length of our sampled fishes and their otolith width showed that in 
theory, reef immigrants should grow at least 2.4 cm in body length from the 
moment that they arrive on the reef so that their sampled otolith margin has 
grown 0.35 mm in order to show a reef signature. For fishes with a fork length 
between 12.8 and 22.5 cm, growth of 2.4 cm body length occurs in about 6 
months (Garcia et al. 2003). These smaller reef fish had thus probably moved 
< 6 months before capture. This is supported by the isotopic signatures of 
their muscle tissue that approximated that of bay fishes. Moreover, the upper 
size limit of O. chrysurus so far observed in Spanish Water Bay is 25.0 cm 
(Nagelkerken et al. 2000b), suggesting that reef fishes over 22.5 cm in length 
could indeed be recent immigrants.  
Our data strongly suggest that for the O. chrysurus population on the coral 
reef, bay nurseries form an important source of sub-adults. While the muscle 
tissue of larger reef fishes no longer resembled the isotope signature of the 
bay ecosystem, all their juvenile otolith zones (except for one fish) matched 
those of bay fishes. Therefore, based on these data, we calculate that 98% 
(50 out of 51) of the O. chrysurus reef population consisted of immigrants that 
have passed through seagrass nurseries. This means that, even though a 
seagrass life-history phase may not be obligatory to every single individual of 
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Ocyurus chrysurus on the coral reef, for the great majority this does seem to 
be the case. The data do not show whether O. chrysurus spends its entire 
juvenile phase in seagrass beds because only a part of the juvenile otolith 
zone was sampled. It could also be possible that other habitat types have an 
identical isotopic composition to that of the bay or reef ecosystems identified 
here. This is highly unlikely in our relatively small study area where only few 
major habitat types occur, but it is an important consideration when 
extrapolating our approach to other sites of greater spatial scales. 
 Although our results are likely to be applicable to other Caribbean islands 
with marine embayments, the life-history related patterns of habitat use by O. 
chrysurus may be different for the same species in other geographical areas. 
Besides O. chrysurus, juveniles of 16 other Caribbean reef fish species, most 
of which are commercially important, have been suggested to be strongly 
associated with seagrass and mangrove habitats based on size-frequency 
distributions (Nagelkerken et al. 2000b). A study on one of these species, 
Haemulon flavolineatum, using less discriminatory trace element data, 
suggested that 36% of the reef population could be linked to mangrove 
nurseries (Chittaro et al. 2004). This is a much weaker association than found 
in our study, but can be explained by the fact that this species uses shallow 
coral reef zones (< 3 m deep) as a juvenile habitat in addition to mangroves 
and seagrass beds (Nagelkerken et al. 2000b, 2001a, 2002, Dorenbosch et 
al. 2004a). H. flavolineatum can thus be described as a ‘facultative nursery 
species’. Besides Ocyurus chrysurus, at least 10 of the 16 species identified 
above were referred to as ‘obligate nursery-species’ and are believed to have 
a high dependence on bays with seagrass and mangrove nurseries 
(Nagelkerken et al. 2001a, 2002, Dorenbosch et al. 2004a). If these 10 
species show similar migration patterns to those indicated here for O. 
chrysurus, then an important part of the commercial reef population is likely to 
be sustained by seagrass and/or mangrove nurseries. 
 
 
Conclusions 
 
The global decline in surface area of seagrass beds and mangroves has been 
estimated to be up to 35% (Shepherd et al. 1989, Valiela et al. 2001). In the 
light of the present study, this gives great concern as far as vital coral reefs 
and sustainable fisheries are concerned. Marine reserves are promising 
management tools with effects extending beyond their boundaries (Roberts et 
al. 2001), but the effectiveness of coral reef MPAs is heavily criticized (Mora 
et al. 2006). Worldwide, 247 MPAs include seagrass beds (as opposed to 980 
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for coral reefs (Mora et al. 2006)), many of which are rarely singled out as the 
object of protection (Spalding et al. 2003). We suggest that establishing 
combined reef and seagrass MPAs should increase reef O. chrysurus 
biomass, and that of other seagrass-associated species, even stronger than 
reef MPAs alone, promoting spillover into adjacent fishing grounds. We thus 
stress the importance of introducing coral reef reserves comprised of a 
mosaic of interlinked coastal habitats, including seagrass beds. 
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THIS THESIS forms a significant contribution to our understanding of the 
nursery concept for coral reef fish. This concept concerns a life-history 
strategy where coral reef fish populations are replenished by juvenile fishes 
that grow up in spatially separated non-reef nurseries. The concept has taken 
shape over the past three decades and has mainly been based on numerous 
studies reporting that shallow water coastal habitat types in the tropics, such 
as seagrass beds and mangroves, often harbour high densities of juvenile 
fishes of which the adults live on coral reefs. Explanations given for the 
attractiveness of mangroves and seagrass beds to juvenile fishes are often 
related to good refuge possibilities and high food abundances, but these have 
rarely been tested. Therefore, understanding exactly how juveniles of reef 
fishes use these habitats was one of the missing components in the nursery 
concept. This thesis provides experimental and behavioural studies on 
juvenile fishes in mangroves and seagrass beds, which were intended to shed 
light on the refuge and food functions of these presumptive nurseries and the 
extent of habitat connectivity between juvenile habitats. It became apparent 
that there are inter-species (feeding-guild related – chapter 2) and intra-
species (ontogeny-related – chapter 3) differences in how fishes utilise food 
sources and refuge provided by mangroves and seagrass beds. Furthermore, 
two species of grunts (Haemulidae) showed considerable daytime movements 
that connected different bay habitats (chapter 4). 
Mangrove and seagrass habitats are often referred to as nurseries, but are 
they true nurseries in a way that they contribute new fish to the adult 
population? By far the most challenging task to be solved in the nursery 
concept was that of qualifying and quantifying actual movements of individual 
fishes between the juvenile and adult habitats. So far, there was no strong 
evidence that seagrass beds and mangroves with high juvenile fish densities 
contribute to and replenish coral reef populations, in a way that sub-adult 
fishes eventually leave these alleged nurseries and move to the coral reef. 
This thesis provides data that is among the most robust and direct evidence 
currently available for movement from juvenile non-reef habitats to the coral 
reef, by using artificial tags (chapters 4 and 5) and natural tags (chapter 6). 
In the latter chapter stable isotope analysis of the yellowtail snapper (Ocyurus 
chrysurus) provided a strong indication that its population on the coral reef 
was almost completely replenished by fishes growing up in seagrass 
nurseries inside marine bays.  
In the following sections, I will first discuss how juvenile fishes use food 
and shelter in presumptive nursery habitats inside a bay. Subsequently, I will 
discuss the space use of juvenile fishes and how their movements connect 
these habitats. This is followed by a discussion of whether these presumptive 
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nurseries are genuine nurseries, in a way that fishes move from the bay to the 
coral reef. Finally, I note the implications that my data have for management 
of tropical ecosystems and suggest future research directions. 
 
 
Food and refuge in juvenile habitats 
 
Chapter 2 contains a multifactorial experiment that is one of the first to show 
that food (algae and zoobenthos) and refuge (structure and shade) actually 
contribute to attracting juvenile fishes to mangrove and seagrass habitats. The 
data indicate that during daytime, diurnally active herbivores and 
zoobenthivores are attracted to mangroves and seagrass beds primarily by 
food, because they were most abundant in experimental units (EUs) 
containing food, and especially herbivores were foraging intensively on algae 
growing on the structures. In contrast, nocturnally active zoobenthivores and 
the diurnally active piscivore Sphyraena barracuda were primarily attracted to 
artificial seagrass and mangrove structures, sometimes in interaction with 
shade, where they were mostly observed to rest. For these two groups, 
species-specific preferences for either habitat type were clear. For example, 
Lutjanus mahogoni was attracted to artificial seagrass leaves (i.e. bottom 
structure) and shade, whereas L. apodus, Ocyurus chrysurus and S. 
barracuda were found in artificial mangrove roots suspended from the upper 
part of the EUs (i.e. aerial structure) as well as in artificial seagrass. All 
nocturnally active zoobenthivores probably used structure for refuge and on 
top of that, larger S. barracuda used the structure to ambush their prey.  
In the above experiment, Haemulon flavolineatum (size range 2.5–12.5 
cm), a bottom-dwelling fish, was mainly found in artificial seagrass leaves, 
where they were resting. In the natural situation, H. flavolineatum < 12.5 cm 
occur both in seagrass beds and in mangroves (Nagelkerken et al. 2000b, 
Cocheret de la Morinière et al. 2002). Remarkably, this species was not found 
in EUs with artificial mangrove roots only. This may be explained as follows: 
the shaded artificial mangrove roots may not have been preferred over real 
mangroves that were at 3 m distance away from the EUs, because the latter 
had 20 times lower light intensities and therefore may have offered relatively 
better protection than the artificially shaded roots. 
While chapter 2 clearly shows species-specific preferences for shelter and 
food of the seagrass and/or the mangrove habitat, chapter 3 shows that 
within a species (Haemulon flavolineatum) there are ontogeny-related 
patterns of utilisation of the refuge and food functions of Caribbean 
mangroves and seagrass beds. The most striking conclusions of the study are 
GENERAL DISCUSSION 
123  
that H. flavolineatum, which is generally considered to be feeding in seagrass 
beds at nighttime and sheltering in seagrass beds and mangroves during 
daytime, (1) also feeds inside mangroves, and (2) uses both mangroves and 
seagrass beds as daytime feeding habitats (large juveniles: between 5 and 10 
cm in length). In both seagrass and mangrove habitats, these large juveniles 
were foraging on the sediment (benthic feeding), and only the smallest of 
these juveniles (± 5 cm) in the seagrass beds were foraging in the water 
column (pelagic feeding). Feeding activity of large juveniles was higher in 
seagrass beds than in mangroves. Sub-adults (10–15 cm) were only found in 
mangroves and almost exclusively sheltered during daytime, with occasional 
and short feeding events.  
The above suggests the following ontogenetic transition in feeding 
behaviour and habitat preferences for juvenile H. flavolineatum: they settle in 
seagrass beds as diurnal zooplanktivores, when attaining a larger size they 
shift to diurnal benthic and/or pelagic feeding in mangroves but primarily in 
seagrass beds, and then gradually adopt a nocturnal benthic feeding mode in 
seagrass beds. The latter is supplemented by opportunistic feeding while 
sheltering in the mangroves during daytime. Thus, sub-adults seem to use 
feeding strategy 1 (suggested in the ‘General Introduction’ and chapter 3), 
which stated that fishes feed opportunistically in the mangroves or seagrass 
beds throughout the day and feed predominantly in seagrass beds during the 
night. For large juveniles, feeding activity was highest during early morning 
(8:00–10:30 h observation period) in both habitat types. This is in line with 
strategy 3, which stated that after nocturnal feeding in the seagrass beds, the 
fishes complete feeding in the mangroves or seagrass beds during a certain 
part of the morning. Additionally, for seagrass fishes, feeding activity was also 
high an hour before sunset (17:30–18:30 h observation period), in line with 
strategy 2, which stated that fishes start feeding in mangroves or seagrass 
beds during daytime prior to nocturnal feeding in the seagrass beds.  
 
 
Space use in juvenile habitats 
 
These different behaviour patterns in different habitats led to questions about 
the spatial scales of the habitat use by Haemulidae. What are the distances 
that fishes living in bay habitats move during daytime? Are different bay 
habitat types connected by daytime movements? Caribbean mangroves on 
islands are often continuously inundated, thus fish movements to and from 
mangroves are not restricted by the tidal cycle. In chapter 4 it appeared from 
tagging experiments that mangroves, seagrass beds, and rocky bay shoreline 
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in an embayment were indeed interlinked by daytime movements of 
Haemulon flavolineatum and H. sciurus. This study is an important addition to 
the few studies showing that tagged reef fish connect different habitat types. A 
significant part (± 41–64%) of the tagged Haemulidae moved from shoreline 
shelter habitats (mangroves and rocky shoreline) to adjacent seagrass beds in 
the afternoon, probably to start feeding there during daylight. When comparing 
the habitat types that tagged fishes occupied during the late afternoon (15:30–
17:30 h) with those of the morning (8:00–10:30 h) of the subsequent day, 
most movement had occurred from seagrass beds back to shoreline habitats, 
indicating that in the morning these fishes had returned to shelter sites at the 
shoreline. The scale of these movements was small: up to 25 m.  
Confirming the site-fidelity hypothesis (see ‘General Introduction’ and 
chapter 4), tagged fishes showed high fidelity to specific daytime sites up to 
425 days. The linear distribution of these sites of individual fishes ranged 
between 4 and 171 m. Because our study considered only daytime 
movements, the complete home range of these fishes may be somewhat 
larger because it also includes their night-time movements. For instance, 
juvenile grunts sheltering on patch reefs have been shown to move 100–300 
m to adjacent seagrass beds at night (Ogden & Ehrlich 1977). Even though 
chapter 4 reports that fishes moved relatively small distances (in the order of 
tens to hundreds of meters), this scale is biologically relevant for linkages 
between Caribbean bay habitats, since these are often located close-ly 
together. Detailed information on scales of movement and habitat linkages is 
crucial for effective ecosystem management (Kramer & Chapman 1999, 
Moberg & Rönnbäck 2003, and see below ‘Implications for management’).  
 
 
Identifying genuine nursery species 
 
All the patterns of space use mentioned above were limited to the bay 
habitats, but chapter 4 also provides evidence of reef-directed movements of 
a presumptive nursery species. After providing Haemulon flavolineatum 
collected from bay habitats with internal long-term tags, the coral reef habitat 
was searched for tagged fishes during time spans exceeding one year. As 
reported in chapter 4, of the 345 H. flavolineatum that were caught on the 
coral reef, only 1 was internally tagged. It had moved 2000 m away from the 
bay tagging site. One other recaptured tagged fish showed a reef-directed 
movement, be it inside the bay: it had moved 1350 m to the bay mouth very 
close to the coral reef (compare: the length of the entire bay is ± 2000 m). 
Even though reef-directed movements were only observed for two fishes, they 
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do indicate a habitat linkage and that some H. flavolineatum may grow up in 
bay nurseries and move towards the reef at later life-stages.  
Chapter 5 shows similar, but more robust data of fish movements between 
a putative nursery area and the adult habitat (coral reef) for a snapper 
species. Sub-adult (13.2–21.0 cm) schoolmaster snappers Lutjanus apodus 
tagged and caught at the rocky shoreline of the Spanish Water Bay showed 
high fidelity to daytime shelter sites inside the bay, just like Haemulidae 
(chapter 4). More importantly, four among the largest L. apodus (size range 
17.8–20.0 cm) were resighted 1–30 times (over 31 d) on the adjacent coral 
reef at distances between 30 and 90 m away from the bay. The four L. apodus 
were in the size range of fishes expected to start moving from the bay to the 
coral reef, because size-frequency distributions show that on fringing reefs of 
the Caribbean islands of Curaçao and Bonaire the lower size limit of L. 
apodus is 15 cm (Nagelkerken et al. 2000a, b). Their reef visits may represent 
a first exploratory step (McKeown 1984, Kramer & Chapman 1999) in their 
presumed ontogenetic migration, when they are assumed to move 
permanently to the reef habitat as sub-adults or adults. The suggestion that 
fishes undertake offshore ontogenetic migration in a series of intermediate 
steps was also inferred from size-frequency distributions of white grunt, 
Haemulon plumieri (Appeldoorn et al. 1997). The same process may be true 
for the spangled emperor, Lethrinus nebulosus, of which reared juveniles 
were tagged and released in shallow waters near seagrass beds. During the 
first 6 months thereafter, they stayed within 3 km of the release point, after 
which they expanded their distribution range to the outer edges of the coral 
reef facing the open sea, 7 km from the release point (Kanashiro 1998).  
The data on tagged fishes in chapters 4 and 5 clearly show that there is 
connectivity between bay and coral reef habitats. Therefore, artificial tagging 
would also be the most direct method when tracing life-history migrations, but 
the method has some serious drawbacks, including tagging- and handling-
induced mortality of fishes, and logistic limitations regarding extent of labour, 
search area, and time (e.g. external tags lasted only up to 6 weeks). 
Therefore, this method is not very suitable for determining whether juvenile 
habitats are a source (nursery) or a sink (non-nursery) for the coral reef fish 
population, neither for estimating the contribution of these habitats to the adult 
population. To further illustrate this, consider the data of the long-term tagged 
Haemulon flavolineatum of chapter 4. H. flavolineatum is expected to move to 
the deep coral reef (2–15 m) at a size of 12.5–15.0 cm (Nagelkerken et al. 
2000b, Cocheret de la Morinière et al. 2002), when they approach their size of 
sexual maturity (15.5 cm: Munro 1983). Then why was 96% of all recaptured 
tagged H. flavolineatum still present at their tagging locations inside the bay, 
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between 163 and 425 days after release, even though some fishes had 
attained a size of >16 cm? If H. flavolineatum is a true nursery species that 
grows up in the bay and eventually moves to the reef (bay habitats as 
‘source’), several explanations are thinkable. Because it is not known at what 
exact life-stage or spatial scales the ontogenetic migrations to the reef occur 
there is a chance of missing the process altogether if the timing is 
inappropriate (e.g. by tagging the wrong age-group) or if the search area is 
too restricted. H. flavolineatum recaptures took place up to 425 days after 
tagging, a time span after which most H. flavolineatum had grown slowly 
and/or were still too small (i.e. <12.5 cm) to have moved from the bay to the 
coral reef. Also, the spatial scale of the experimental design may have been 
too small: fishes that moved to the reef may have moved more than 300 m 
away from the bay mouth, which was beyond our sampling range. The tagging 
project may need to involve larger numbers of tagged fishes, longer time 
spans and larger spatial scales of recapturing fishes on the reef.  
Alternatively, consider the possibility that a proportion of the H. 
flavolineatum that use bay habitats when juvenile, do not move to the coral 
reef (bay habitats as partial ‘sink’). This is a plausible life-history pattern for 
this species (further discussed below in ‘Habitat selection strategies’) because 
the contribution of bay habitats to the adult H. flavolineatum coral reef 
population may not be as high as is often assumed from density counts (e.g. 
Nagelkerken et al. 2000b, Cocheret de la Morinière et al. 2002). This may also 
explain why reef-directed movements were found for only two individuals of H. 
flavolineatum (4% of all recaptured fishes).  
To go one step further, for a species of which none of the juveniles in bay 
habitats moves to the coral reef (bay habitats as complete ‘sink’), artificial 
tagging can never exclude the possibility that life-cycle migrations occur 
because one can always speculate that they may occur during some other 
time of the year or by another size-class of fishes, or that tagged fishes might 
be present elsewhere on the reef. 
The drawbacks and uncertainties mentioned above can be partly 
overcome by resorting to naturally occurring tags (e.g. stable isotopes). 
Chapter 6 reports on tracing of life-history migrations of yellowtail snappers 
(Ocyurus chrysurus) by analysing stable carbon and nitrogen isotope ratios in 
their muscle tissue and earbones (otoliths). These natural tags had recorded 
assimilated food and enabled us to estimate the quantitative contribution of 
fishes that grew up in bay nurseries to the coral reef population. Ninety-eight 
percent of the fishes on the coral reef showed depleted C13:C12 otolith 
margins, reflecting the food web of their current habitat, but still carried 
enriched ratios of C13:C12 in the juvenile core parts of their otoliths, typical of 
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an earlier feeding history in seagrass beds inside bays. The observed 
changes in isotopic ratios between juvenile and adult fishes could not be 
explained by growth alone, and thus were most plausibly explained by an 
ontogenetic habitat shift between the bay and the coral reef. This chapter 
contains the first study to reliably estimate the contribution of a tropical, 
juvenile habitat to the adult coral reef fish population. Therefore, it can be 
considered the most important contribution of this thesis in support of the 
nursery concept for a snapper species and, as will be discerned later, has 
important management implications. 
 
 
Habitat selection strategies 
 
As illustrated in the ‘General Introduction’ (Fig. 1), larvae and juveniles of reef 
fish species may either select the coral reef or non-reef nurseries during 
juvenile life-stages. The majority of coral reef fish species settles and grows 
up on the coral reef itself (strategy 1). Some of these fishes do show shifts in 
spatial use during their early juvenile stages before joining the niche of the 
adult population, but these shifts are between micro-habitats within the coral 
reef environment (McCormick & Makey 1997). When considering all coral reef 
fish species, the number of species that utilise non-reef nurseries form a 
minority. However, this does not mean that the importance of species with a 
non-reef nursery strategy should be underestimated. To illustrate this, on the 
Caribbean island of Curaçao, 17 coral reef fish species were suggested to be 
dependent on non-reef nurseries to some extent (Nagelkerken et al. 2000b). 
Many of these nursery species are of commercial importance (e.g. S. 
barracuda, O. chrysurus). Moreover, they are often piscivores and these top 
predators are important species regulating food webs on coral reefs 
(Valentine & Heck 2005).  
The nursery species can be further subdivided in two categories: species 
with high to complete dependence on non-reef nurseries (strategy 2) and 
species with partial dependence on these nurseries (strategy 3). The data in 
chapter 6 suggests that Ocyurus chrysurus has a near-to-complete 
dependence on bays with seagrass nurseries (i.e. strategy 2). This strategy of 
habitat selection is possibly also used by other reef fish species of which 
juveniles are exclusively found in shallow, non-reef habitats, as is the case for 
at least 10 other species in the Caribbean, the so-called ‘obligate nursery-
species’ (Nagelkerken et al. 2001a, 2002, Dorenbosch et al. 2004a, 2006).  
The third strategy of habitat selection thus lies in-between the other two: a 
part of the coral reef fish population may initially grow up in non-reef 
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nurseries, but the other part may grow up on the coral reef itself. This strategy 
is suggested for Haemulon flavolineatum, for instance, which has been shown 
to use shallow coral reef zones (<3 m deep) as a juvenile habitat besides 
mangroves and seagrass beds (Nagelkerken et al. 2000a, 2001a, 2002, 
Dorenbosch et al. 2004a). In other literature, this species has also been 
suggested to be a very opportunistic settler (Appeldoorn et al. 2003). The 
above suggests that H. flavolineatum may use shallow coral reef areas as a 
nursery, alternatively or supplementary to habitats inside marine bays. 
Unpublished stable isotope data of H. flavolineatum collected during the 
studies for this thesis support this habitat selection strategy and indicate that 
juvenile habitats inside the bays as well as those on shallow coral reefs form a 
source of new fish to the adult H. flavolineatum population on coral reefs. 
Additionally, trace element data from H. flavolineatum otoliths suggested that 
36% of the reef population appeared to have grown up in mangrove nurseries 
(Chittaro et al. 2004). Even though this percentage is ambiguous because 
otolith microchemistry varied temporally, it suggests that part of the H. 
flavolineatum population grows up in habitats other than mangroves, possibly 
in the reef habitat. This strategy is comparable to that of the adult population 
of Achoerodus viridis on a rocky temperate reef of which 41% had been 
recruited from estuaries with seagrass and 59% from the reefs (Gillanders & 
Kingsford 1996). In the Caribbean, this strategy has been suggested to occur 
in six other species (Dorenbosch et al. 2004a). 
For reef fish species showing strategies 2 and 3 (i.e. high or partial 
dependence on non-reef nursery habitats), their juvenile habitats may 
represent a partial sink for coral reef fish populations if a significant number of 
individuals remain in mangroves and seagrass beds. This is in line with a 
number of studies reporting that for some species of grunts and snappers, 
large-sized specimens are not only found on the coral reefs, but also in 
juvenile habitats such as mangroves seagrass beds (e.g. Lutjanus 
argentimaculatus: Sheaves 2005, L. griseus: Serafy et al. 2003, Eggleston et 
al. 2004). If these specimens are reproducing there, they may form 
populations isolated from those on the coral reefs. However, it is often 
unknown whether these fishes with a large body size are sexually mature and 
active. Sheaves (2005) suggested that all large Lutjanidae in an Australian 
estuary were sexually immature.  
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The tropical seascape 
 
Which of the three above habitat selection strategies occur depends on the 
fish species and on the configuration of the seascape. This is a relatively new 
term, especially used within the management and conservation context, and 
reflects the introduction of landscape ecology approaches into the marine 
environment (Robbins & Bell 1994, Moberg & Rönnbäck 2003). The 
‘seascape configuration’ refers to the complexity of the habitat mosaic, for 
example which habitat types are present and how are they located with 
respect to each other, and the spatial scales of the habitats. The specific 
seascape of a locality can have limitations for the habitat use by a species. 
For instance, when coral reefs are not located in the vicinity of bays or 
estuaries with shallow water habitats, juveniles of reef fishes do not have an 
option of using the bays or estuaries as a nursery habitat. This situation can 
occur in large reef systems (e.g. the Great Barrier Reef), whereas at smaller 
island ecosystems coral reefs often occur near bays with mangroves and 
seagrass beds.  
The term seascape implies that habitat types are interlinked, as has been 
suggested decades ago for coral reefs, mangroves, and seagrass beds 
(Ogden & Zieman 1977, Ogden & Gladfelter 1983, Parrish 1989). But these 
and many other researchers merely point out the likeliness of the connection, 
rather than presenting detailed data on actual occurrence of animal 
movements. The data in this thesis provide exactly the latter and emphasize 
that habitat linkages in the tropical seascape indeed exist. These linkages can 
be crucial for the existence of certain fish species (e.g. Scarus guacamaia; 
Mumby et al. 2004). 
 
 
Implications for management  
 
During recent years increased interest has been developed for the protection 
of coral reef habitats, the management of sustainable fisheries, and a 
responsible tourism industry. A popular conservation measure is that of 
establishing marine protected areas (MPAs), of which many variations exist, 
with different degrees of protection. For instance, there are MPAs with no-take 
zones where all human activities are prohibited, while other MPAs allow 
fishing during specific times of the year. MPAs are promising management 
tools which can have effects extending beyond their boundaries, for example 
by increasing catches of adjacent fisheries (Roberts et al. 2001). However, the 
effectiveness of coral reef MPAs is heavily criticized in a recent paper (Mora 
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et al. 2006). These authors point out that many MPAs lack good management 
and enforcement, and that MPA scales often fail to match the dispersal range 
of coral reef organisms. Moreover, as mentioned in the ‘General Introduction’, 
the current focus is on building marine reserves around single habitat types 
(Valentine & Heck 2005). Managers that aim to protect ecosystems in which 
fish species use different habitat types during different life-stages need a clear 
framework and robust data about which habitats are interlinked and about the 
scales at which fish movements take place.  
Table 1 summarizes the few available tagging studies providing evidence 
of life-history migrations by tropical reef fishes that connect different juvenile 
and adult habitats. The table also provides the scales of movement and the 
estimates of the contribution of nursery habitats to the adult population. As 
opposed to the few studies in these tropical reef systems, many similar 
studies are available for temperate reef systems (e.g. artificial tags: Fowler et 
al. 2002, natural tags: Gillanders & Kingsford 1996, Yamashita et al. 2000). In 
these studies, habitat linkages could be traced because fishes living in waters 
that differed in temperature and salinity showed distinct otolith microchemistry, 
often reflected by the elements Sr and Ba. As mentioned in the ‘General 
Introduction’, in non-estuarine tropical regions (i.e. without freshwater input) 
such differences are often lacking, limiting the discriminating power of trace 
elements for tropical habitat connectivity. Because the seascape configuration 
of these temperate systems is very different from that of tropical areas, only 
the latter are discussed here. When looking at the scales of habitat 
connectivity (Table 1), fish movements occur up to several hundreds of 
kilometres in the Great Barrier Reef system, while they do not exceed 7 km in 
small-scale island systems, predominantly studied in the Caribbean. It is 
important to note that the scales of movement given in Table 1 are an 
approximation, limited by the spatial area that was sampled (scale bias: 
Pittman & McAlpine 2003). The data in Table 1 suggest that managers 
determining the spatial scales and habitat mosaic of an MPA should consider 
differences in geography, seascape configuration, and species. To further 
illustrate this, a reserve that aims to protect the yellowtail snapper population 
on coral reefs of Caribbean islands, should not focus on the coral reef habitat 
only, but should also at least include their seagrass nurseries (data in chapter 
6).  
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Since fish movement data are scarce and remain difficult to obtain, 
managers could use alternative indicators for habitat linkages in the form of 
studies on fish assemblages in the context of a seascape with mosaics of 
different habitats. For instance, recent studies involved comparisons of fish 
assemblages on coral reefs near and far away from presumed nursery 
habitats. Examples of such studies showed a significant decrease of densities 
of numerous alleged nursery species on coral reefs between 9 and 17.2 km 
away from mangroves and seagrass beds (Appeldoorn et al. 2003 
Dorenbosch et al. 2005, 2006, 2007). While these studies give some insight 
into the existence and spatial scale of habitat linkages, more valuable 
information is provided by study designs that involve a more detailed spatial 
gradient of reef localities at increasing distances from putative nursery 
habitats. For instance, reef fish-seagrass associations in the Virgin Islands 
were found to be strongest at scales of 100 and 250 m for juvenile fishes and 
500 m and 1 km for adult fishes, among which grunts and snappers (Grober-
Dunsmore et al. 2007). These researchers suggested that functional habitat 
linkages operate at least at this spatial scale. On Curaçao, Nagelkerken et al. 
(2000b) studied a spatial gradient of reef localities up to 7 km away from a bay 
with presumptive nursery habitats. They found that the density of 5 nursery 
species decreased on coral reef localities located further away from this bay. 
The largest portion of this decrease occurred within the first 500 m away from 
the bay mouth.  
The above studies supplement fish movement studies and strongly 
indicate functional relationships between tropical habitats at several spatial 
scales. The mosaics of interlinked habitats in the seascape are susceptible to 
habitat fragmentation due to anthropogenic activities along coastlines 
(Layman et al. 2004). This is a burning issue for many Caribbean islands 
where the coastlines are being developed at high rates for tourism and other 
economical purposes such as establishing harbours and marinas. 
Furthermore, coral reefs on Caribbean islands are heavily exploited because 
many people depend on these ecosystems as food and income. This thesis 
reports on functional habitat linkages, and approximates spatial scales of 
connectivity in such a Caribbean seascape. Juvenile grunts and snappers 
inside Spanish Water Bay have an activity radius of hundreds of meters and 
their movements connect different habitat types (chapters 4 and 5). 
Furthermore, this thesis suggests that the life-history movements of grunts 
and snappers connect this bay to the coral reef on a scale of several 
kilometres (chapters 4–6). Marine protected areas that aim to protect fish 
assemblages and ecosystems should be expanded to incorporate all coastal 
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habitats, such as seagrass beds, mangroves and coral reefs, which form an 
interlinked mosaic in the tropical marine seascape.  
 
 
Suggestions for future research  
 
This thesis contains the first direct and robust evidence of post-settlement fish 
movement connecting tropical nursery habitats to the coral reef. More studies 
are needed providing such data, also for many other alleged nursery species 
of which the adults live on the coral reef, so that the contribution of bay 
nurseries to the complete reef population can be reliably estimated. The use 
of stable isotopes as natural tags has strong potential for tracing life-history 
movements of coral reef fishes that occur on relatively small spatial scales (up 
to several kilometers). In contrast, trace elements in otoliths showed low 
discriminative power for distinguishing coral reefs from mangroves and 
seagrass beds in small-scale tropical marine seascapes (e.g. Chittaro et al. 
2005a, 2006). This was also concluded when analysing the microchemistry of 
otoliths of juvenile and adult Haemulon flavolineatum and Ocyurus chrysurus 
(Verweij, unpubl. data), even though these contained the same adult O. 
chrysurus individuals collected from the reef of which analysis of stable 
carbon isotopes indicated that they had passed through seagrass nurseries 
(chapter 6).  
In addition to post-settlement migration processes, also pre-settlement 
processes may have a large influence on the nursery potential of certain 
habitats. For instance, the geographic location of a seagrass bed in a bay or 
estuary may influence the number of fish larvae from offshore areas that settle 
in a seagrass bed (Bell et al. 1988). Pre-settlement migration processes are 
difficult to document and therefore remain less well-studied than post-
settlement processes. Questions that remain to be answered for the 
presumptive nursery species are for instance: where do these species spawn 
exactly? In Cuban waters, the locations of many snapper spawning sites 
appeared to be at the coral reef drop-off at depths of 20–50 m (Claro & 
Lindeman 2003). Such data on snappers are rare, and studies that describe 
spawning sites of grunts are generally lacking (McFarland et al. 1985). 
Another question is how the larvae of these reef fishes orient themselves 
while finding suitable settlement habitats (reviewed by Leis 2006). 
Furthermore, there are uncertainties whether larvae immediately settle in the 
habitat that they occupy during post-settlement juvenile phases (as suggested 
for Acanthurus bahianus, Lutjanus apodus, and Ocyurus chrysurus by Pollux 
et al. 2007) or move and redistribute to suitable habitats directly upon 
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settlement (Adams & Ebersole 2004). These two studies infer pre-settlement 
migration processes from distributions of small recruits and juvenile fishes, but 
studies that show actual movement of tagged larvae and recruits towards non-
reef nurseries are lacking. Artificial and natural tags have successfully been 
used to show retention of coral reef fish larvae for fishes that settle and grow 
up on the coral reef (Jones et al. 1999, Swearer et al. 1999, Almany et al. 
2007). Such methods may also be applicable for tracing pre-settlement 
movement and settlement for coral reef fish species that use non-reef 
nurseries. 
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THIS THESIS deals with linkages between habitats in a tropical seascape, such as 
coral reefs, mangroves and seagrass beds. These habitats are among the world’s 
most productive and species-rich ecosystems and their resources are exploited 
intensively by humans. Millions of people depend on the reef ecosystem for food and 
income (e.g. fisheries and tourism). The biodiversity of coral reef communities is 
declining, mainly due to heavy over-fishing and reef destruction. Seagrass beds and 
mangrove forests also experience high anthropogenic pressure and their global loss 
of surface area has been estimated to be up to 35%. Marine protected areas (MPAs) 
and fishery reserves have been established in order to protect the coral reef, 
mangrove and seagrass habitats. Currently, most MPAs are established in single 
habitat types. But these habitats do not function as isolated units: they interact with 
each other via ecological and biochemical processes that cross their boundaries.  
One of the processes that link these habitats involves the nursery concept for 
coral reef fishes. This concept concerns a life-history strategy where coral reef fish 
populations are replenished by their juveniles that grow up in non-reef habitat types 
referred to as nurseries, among which seagrass beds and mangroves. Adult reef fish 
spawn on reefs or further offshore. Their pelagic larvae are driven back to the 
shoreline where they settle as benthic juveniles. These juveniles do not only appear 
on the coral reef; for some species they are highly abundant in mangroves and 
seagrass beds. Reasons why juveniles of reef fishes are attracted to mangroves and 
seagrass beds are assumed to be good refuge possibilities and high food 
abundances, maximizing survival and growth of these juveniles. Because these 
assumptions have rarely been examined and tested, understanding how reef fish 
juveniles use these habitats was one of the missing components in the nursery 
concept. Chapters 2–4 (details below) provide experimental and behavioural studies 
on juvenile fishes in Caribbean mangroves and seagrass beds, which shed light on 
the refuge and food functions of these habitats for these fishes, and on the extent of 
connectivity between these and other bay habitats.  
Mangrove and seagrass habitats are often referred to as nurseries, but are they 
genuine nurseries in a way that they contribute new fish to the adult population on 
the coral reef? By far the most challenging task to perform in validating the nursery 
concept is to find out whether fishes actually move from juvenile habitats to the adult 
coral reef habitat. During the past 30 years, this ontogenetic migration has almost 
exclusively been inferred from counts of fish abundances of different size classes. 
However, while high densities of juveniles occur mainly in presumptive bay nurseries 
whereas high densities of adults of the same fish species occur mainly on the coral 
reef, the first do not necessarily cause the latter. If juvenile fishes remain in the bay 
habitats and do not move to coral reefs, the bay habitats are a sink, and not a source 
for the coral reef population. In short, chapters 4, 5 and 6 of this thesis are among 
the first studies to actually qualify and quantify movements of individual fishes 
between tropical presumptive nurseries in bays and the adult coral reef habitat.  
All studies in this thesis were carried out in Curaçao, a Caribbean island with 
sheltered inland non-estuarine embayments harbouring seagrass beds and 
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mangroves, and with a fringing coral reef surrounding the island. Two bays with their 
adjacent reefs were selected as study areas: Spanish Water and Piscadera Bay.  
Chapter 2 reports on a multifactorial field experiment that examined the attraction 
of reef fish juveniles to the factors structure, shade, and food offered by mangroves 
and seagrass beds. This multifactorial experiment is one of the first to show that 
refuge (structure and shade) and food (algae and zoobenthos) actually contribute to 
attracting juvenile fishes to these habitats. Experimental units (EUs), each 
representing a unique combination of the above factors using artificial seagrass 
leaves and artificial mangrove roots were placed in the field. Fishes could swim freely 
in and out of these EUs. Visiting fishes were counted and their behaviour was 
recorded during daytime. There were clear species-specific differences in how fishes 
utilised structure, shade and food provided by artificial mangrove roots and seagrass 
leaves. These differences were related to their feeding and activity patterns. The data 
suggest that during daytime, herbivores and diurnally active zoobenthivores are 
attracted to mangroves and seagrass beds primarily by food, because they were 
most abundant in EUs with food, and especially herbivores were foraging intensively 
on algae growing on the structures. In contrast, nocturnally active zoobenthivores 
were primarily attracted by shelter in the form of structure (in interaction with shade) 
and they were resting in between roots and leaves, not feeding. This shelter probably 
decreased their visibility to piscivorous predators. 
These nocturnally active zoobenthivores (e.g. grunts: Haemulidae, and snappers: 
Lutjanidae) generally shelter and rest during the day, and feed at night in seagrass 
beds. Previous analyses of gut contents and stable isotopes (both recording feeding 
history) indicated that they also feed in mangroves, but this had never been shown 
directly by a study on fish behaviour. Because at night mangroves of the Spanish 
Water Bay are nearly devoid of grunts and snappers, as many of them move to 
seagrass beds and sand flats around sunset, they likely feed in mangroves some 
time during the day. This was examined (chapter 3) by thorough behaviour 
observations that showed the extent to which different life-stages of the French grunt, 
Haemulon flavolineatum, use mangroves and seagrass beds as daytime feeding 
habitats. Large juveniles (5–10 cm) used both habitats for daytime feeding: on 
average, they spent about 50% of their time on feeding activities. In both seagrass 
and mangrove habitats, these large juveniles were foraging on the sediment (benthic 
feeding), and only the smallest of these juveniles (± 5 cm in length) in the seagrass 
beds were foraging in the water column (pelagic feeding). Sub-adults (10–15 cm) 
were only found in mangroves and spent most of their daytime on resting behaviour 
(>65% of total daytime time budget), with occasional and short feeding events by 
solitary fishes (<12% of total daytime time budget). These data suggest an 
ontogenetic transition in feeding behaviour and habitat preference for juvenile H. 
flavolineatum: they settle in seagrass beds as diurnal zooplanktivores and at a larger 
size they shift to diurnal benthic and/or pelagic feeding in mangroves and seagrass 
beds. Subsequently, they gradually adopt a nocturnal benthic feeding mode in 
seagrass beds, which is supplemented by opportunistic feeding while sheltering in 
the mangroves during daytime.  
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Thus, grunts use mangrove and seagrass habitats for shelter and food. But what 
are the spatial scales at which they make use of their juvenile bay habitats? It is 
known that most grunts in Spanish Water Bay on Curaçao leave their daytime shelter 
habitats (mangroves and rocky shorelines) at twilight and move to seagrass beds to 
feed. But do they always return to the same shelter sites in the morning? Secondly, 
are different bay habitats connected by movements of juvenile grunts during daytime, 
besides by their movements during twilight? These questions are dealt with in 
chapter 4. This chapter reports that mangroves, seagrass beds, and rocky bay 
shoreline in an embayment were indeed interlinked by daytime movements of tagged 
juvenile Haemulon flavolineatum and H. sciurus (bluestriped grunt). A significant part 
(41–64%) of these fishes moved from mangroves and rocky shoreline to adjacent 
seagrass beds in the afternoon, probably to start feeding there during daylight. When 
comparing the habitat types occupied during the late afternoon (15:30–17:30 h) and 
morning (8:00–10:30 h) of the subsequent day, most movement occurred from 
seagrass beds back to mangroves and rocky shoreline, indicating that in the morning 
these fishes had returned to shelter sites at the shoreline. The above habitat shifts 
took place at a scale of ± 25 m. Tagged fishes returned to the same daytime shelter 
sites day after day, for periods up to 425 days. The linear distribution range of these 
daytime shelter sites of individual fishes ranged between 4 and 171 m. These scales 
of movement are small, but nonetheless biologically relevant to Caribbean bays with 
a small-scale mosaic of different habitat types. Lastly, chapter 4 reports on reef-
directed movements that were observed for two of in total 1195 long-term tagged H. 
flavolineatum (4% of all recaptured fishes), and these indicate that some H. 
flavolineatum may grow up in bay nurseries and eventually move towards reefs. 
Among the presumptive nursery-species are many Lutjanidae that are expected 
to grow up in mangroves and seagrass beds and to move to coral reefs at later life-
stages. Chapter 5 is the first study providing direct evidence of connectivity by fish 
movement between a putative tropical nursery area (the rocky shoreline of a marine 
bay) and the adult habitat (a coral reef), based on observations of tagged fishes. 
Sub-adult (13.2–21.0 cm in length) schoolmaster snappers Lutjanus apodus caught 
and tagged in the Spanish Water Bay showed high fidelity to daytime shelter sites, 
just like grunts (chapter 4). More importantly, four of the largest L. apodus (size 
range 17.8–20.0 cm) were resighted 1–30 times (over periods up to 31 days) on the 
adjacent coral reef at distances between 30 and 90 m away from the bay mouth. 
Their reef visits may represent a first exploratory step in their ontogenetic migration, 
when they are assumed to move permanently to the reef habitat as near-adults. 
While artificial tagging studies can provide the most direct evidence of a habitat 
linkage between nursery areas and adult habitats, the method is less suitable to 
reliably quantify the contribution of fishes from nursery areas to the adult population. 
One way to determine the latter is to use natural tags, such as stable isotopes or 
trace elements that are incorporated in fish tissues while the fish grows, and which 
can leave a habitat-specific mark. To this end, in chapter 6, stable carbon (C) and 
nitrogen (N) isotope ratios in muscle tissue and fish earbones (otoliths) were 
examined for the yellowtail snapper Ocyurus chrysurus. Isotopes are atoms of an 
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element with the same number of protons, but different numbers of neutrons (e.g. C13 
and C12). The ratios of these isotopes differ between habitat types due to different 
metabolic pathways of primary producers at the base of these food webs. For 
instance, coral reefs have more negative (depleted) values of the ratio 13C:12C, while 
those in coastal seagrass beds are higher (enriched). Chapter 6 reports that juvenile 
fishes collected from bay habitats showed enriched isotope ratios (N15:N14 and/or 
C13:C12) in their muscle tissue and otoliths, compared to sub-adults and adults 
collected from the coral reef. It appeared that 98% of the examined coral reef fishes 
still carried these enriched ratios of C13:C12 in the juvenile cores of their otoliths, while 
their margins, reflecting their current (coral reef) habitat were more depleted. This 
indicated that these fishes showed an early feeding history in seagrass beds, while 
their recent feeding history corresponded with the coral reef food web. These data 
suggest a near-to-complete dependence of the coral reef fish O. chrysurus on bays 
with seagrass nurseries. 
In conclusion, this thesis holds ample evidence on how juvenile coral reef fishes 
use presumptive nurseries and on whether they are genuine nurseries. Seagrass 
beds and mangroves are important feeding and shelter habitats for many juveniles of 
fish species of which the adults live on the coral reef. Two grunt species (Haemulon 
flavolineatum, H. sciurus) and a snapper species (Lutjanus apodus) were shown to 
use the same shelter sites in a marine bay day after day (high site fidelity). The bay 
habitats are interlinked by daytime and twilight movements of grunts. Such biological 
data of space use and connectivity among different habitat types is rare but very 
important for adequate conservation measures. The areas surrounding the Spanish 
Water Bay are densely populated and here coastal development destroys habitats at 
high rates. Because this leads to an increase in habitat fragmentation, movements of 
fishes may be severely impeded. Furthermore, in this thesis qualitative and quantita-
tive evidence is presented supporting the hypothesis that bay habitats are interlinked 
with the coral reef habitat by movements of near-adult grunts (H. flavolineatum) and 
snappers (L. apodus and Ocyurus chrysurus). It was shown that almost the entire O. 
chrysurus population on two coral reefs had spent a certain part of their juvenile 
phase in bays with seagrass nurseries. This means that in case of O. chrysurus, any 
measure of protection concerning the coral reef habitat only will not be effective. 
Density studies show that at least 10 other commercially exploited reef fish species 
may show a high dependence on bay nurseries, which could be elucidated by using 
stable isotope techniques. This knowledge should be incorporated into management 
plans for tropical ecosystems and fisheries. Worldwide, MPAs most often include 
coral reefs (980), as opposed to those with seagrass beds (247) and mangroves (± 
237). No overview exists of reserves that include a combination of these habitats. 
While some examples are known, the focus of most MPAs is on protecting single 
habitat types. Our view should be broadened: MPAs should expand to incorporate all 
functionally related coastal habitats, such as coral reefs, seagrass beds and 
mangroves, which form an interlinked mosaic in the tropical marine seascape.  
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DEZE DISSERTATIE gaat over interacties tussen tropische habitats zoals koraalriffen, 
mangroves en zeegrasvelden. Deze habitats behoren tot de meest productieve en 
soortenrijke ecosystemen ter wereld. Miljoenen mensen zijn afhankelijk van deze 
gebieden voor wat betreft voedsel en inkomen (bv. visserij en toerisme). De 
biodiversiteit van koraalriffen neemt in een alarmerend snel tempo af, voornamelijk 
vanwege overbevissing en vernietiging van het rif. Ook mangroves en zeegrasvelden 
bezwijken onder antropogene druk: er wordt geschat dat wereldwijd 35% van hun 
oppervlak is verdwenen. Men probeert deze habitats te beschermen door het 
instellen van ‘marine protected areas’ en visreservaten. Het leeuwendeel van deze 
reservaten bevat maar één type habitat, terwijl mangroves, koraalriffen en 
zeegrasvelden niet als zelfstandige eenheden functioneren, maar via ecologische en 
biochemische processen met elkaar in verbinding staan. 
Eén van de processen die deze habitats (of: leefgebieden) vermoedelijk met 
elkaar verbindt heeft te maken met het ‘kraamkamerconcept’ voor koraalrifvissen. In 
dit concept worden vispopulaties op koraalriffen aangevuld door hun jongen 
(juvenielen) die niet opgroeien op het rif zelf, maar in kraamkamers elders, zoals 
mangroves en zeegrasvelden. Volwassen rifvissen paren op het rif of verder uit de 
kust. Hun larven zwemmen eerst vrij rond in de oceaan waarna ze zich in 
kustwateren vestigen als kleine juvenielen. Deze juvenielen komen niet alleen op het 
koraalrif voor, maar ook in mangroves en zeegrasvelden. Mangroves en 
zeegrasvelden bieden juveniele vissen waarschijnlijk goede schuilmogelijkheden en 
veel voedsel, die de overleving en groei van juveniele vissen bevorderen. Of jonge 
vissen daadwerkelijk aangetrokken worden tot mangroves en zeegrasvelden 
vanwege voedsel en schuilmogelijkheden is zelden getoetst. Daarom begrijpen we 
nog maar weinig van hoe en waarom jonge koraalrifvissen deze leefgebieden 
gebruiken. Hoofdstukken 2–4 (details volgen hieronder) bevatten experimentele en 
gedragsmatige studies naar jonge vissen in Caribische mangroves en 
zeegrasvelden. Deze studies testen de voedsel- en schuilfuncties van deze 
leefgebieden en laten ook zien dat verschillende leefgebieden in een baai met elkaar 
verbonden zijn door bewegingen van jonge vissen.  
Mangroves en zeegrasvelden worden vaak kraamkamers genoemd, maar zijn ze 
daadwerkelijk kraamkamers, d.w.z., groeien in deze gebieden de vissen op die later 
de volwassen populatie op het koraalrif gaan aanvullen en vervangen? De meest 
uitdagende taak die uitgevoerd moet worden om te toetsen of het kraamkamer-
concept klopt, is uit te zoeken of vissen migreren vanuit hun juveniele leefgebieden 
naar het koraalrif. Gedurende de afgelopen 30 jaar werd deze migratie gedurende de 
levenscyclus meestal afgeleid uit tellingen van vissen van verschillende groottes in 
verschillende leefgebieden. Deze studies lieten zien dat hoge dichtheden van 
juveniele vissen in mangroves en zeegrasvelden voorkwamen, terwijl de volwassen 
individuen van deze soorten voornamelijk op het koraalrif waargenomen werden. 
Maar dit wil nog niet zeggen dat er een causaal verband is tussen deze twee 
waarnemingen. Het is namelijk mogelijk dat jonge vissen in de baaien met 
mangroves en zeegrassen blijven en niet migreren naar koraalriffen. In dit geval is de 
baai geen bron, dus ook geen kraamkamer, voor de populatie op het koraalrif. 
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Hoofdstukken 4, 5 en 6 van deze dissertatie (details volgen hieronder) bevatten 
artikelen die migraties van individuele vissen kwalificeren en kwantificeren. Deze 
artikelen behoren tot de weinige studies die sterke aanwijzingen bevatten dat het 
kraamkamerconcept voor koraalrifvissen klopt. 
Het onderzoek voor deze dissertatie werd uitgevoerd op Curaçao. Dit Caribische 
eiland heeft beschutte, niet-estuariene binnenbaaien met zeegrasvelden en 
mangroves. Een koraalrif omrandt het hele eiland. Twee baaien met hun aan-
grenzende riffen waren de studiegebieden: het Spaanse Water en Piscadera Baai.  
Hoofdstuk 2 bevat een veldexperiment waarin werd getoetst in hoeverre 
combinaties van de factoren structuur, schaduw en voedsel van mangroves en 
zeegrasvelden jonge vissen aantrekken. Kunstmatige zeegrasbladeren en 
mangrovewortels werden in experimentele eenheden (EE) geplaatst (open kooien 
van 1 bij 1 bij 0.8 meter) waar vissen in en uit konden zwemmen. De EE bestonden 
elk uit een unieke combinatie van de hierboven genoemde factoren en werden in een 
baai geplaatst tussen de natuurlijke mangroves en zeegrassen. Gedurende de dag 
werden vissen in de EE geteld en werd hun gedrag genoteerd. Er waren soort-
specifieke verschillen zichtbaar in de manier waarop vissen gebruik maakten van de 
structuur van de zeegrasbladeren en mangrovewortels, de schaduw en het voedsel 
(algenaangroei en invertebraten in de bodem) aanwezig in de EE. De gegevens 
wijzen erop dat, gedurende de dag, herbivoren en dagactieve zoöbenthivoren vooral 
tot mangroves en zeegrasvelden aangetrokken worden door voedsel. Deze vissen 
kwamen het meest voor in EE met voedsel en vooral de herbivoren waren intensief 
aan het grazen op de algen die groeiden op de experimentele structuren. 
Nachtactieve zoöbenthivoren daarentegen waren aan het rusten tussen de bladeren 
en wortels in de EE, en niet aan het eten. Deze groep vissen lijkt dus overdag vooral 
gebruik te maken van mangroves en zeegrassen vanwege schuilmogelijkheden die 
geboden worden door de structurele complexiteit van de wortels en bladeren, en 
soms ook door schaduw van een mangrovebos. Hierdoor zijn deze vissen minder 
zichtbaar voor roofvissen.  
De nachtactieve zoöbenthivoren (bv. ‘grunts’ of grommers: Haemulidae, en 
‘snappers’: Lutjanidae) rusten over het algemeen gedurende de dag en eten ’s 
nachts in zeegrasvelden. Voorgaande studies naar maaginhouden en stabiele 
isotopen (die de voedselgeschiedenis weergeven) wijzen erop dat deze vissen ook in 
mangroves eten, maar direct bewijs in de vorm van gedragsobservaties was hiervoor 
nog nooit geleverd. In het Spaanse Water komen ‘s nachts bijna geen grommers en 
snappers in de mangroves voor, omdat deze vissen rond zonsondergang naar 
zeegrasvelden en zandplaten migreren. Daarom is het waarschijnlijk dat deze vissen 
gedurende de dag in de mangroves eten. Dit werd onderzocht (hoofdstuk 3) door 
middel van gedragsobservaties die aantoonden hoe verschillende levensstadia van 
de Franse grommer, Haemulon flavolineatum, gedurende de dag gebruik maken van 
mangroves en zeegrasvelden. Grote juvenielen (5–10 cm) foerageerden in beide 
leefgebieden gedurende de dag: gemiddeld besteedden ze ongeveer 50% van hun 
tijd aan voedsel zoeken en eten. In zowel zeegrasvelden als mangroves zochten 
deze grote juvenielen naar voedsel in het sediment, en alleen de kleinsten van deze 
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juvenielen (± 5 cm lang) in de zeegrasvelden zochten naar voedsel in de waterkolom. 
Bijna-volwassen vissen (10–15 cm) werden alleen aangetroffen in mangroves en 
besteedden het grootste deel van hun dag aan rusten (> 65% van totaal tijdsbudget 
overdag). Alleen solitaire bijna-volwassen vissen lieten af en toe korte momenten van 
eetgedrag zien (< 12% van hun totale tijdsbudget overdag). Dit wijst erop dat Franse 
grommers in de loop van hun leven een verandering doormaken in eetgedrag en 
voorkeur naar leefomgeving. Om te beginnen vestigen zij zich in zeegrasvelden als 
dagactieve zoöplanktivoren. Wanneer ze groter worden, zoeken ze overdag eten in 
het sediment en/of de waterkolom van zeegrasvelden en mangroves. Vervolgens 
veranderen ze geleidelijk in nachtactieve dieren die voedsel zoeken op de bodem 
van zeegrasvelden. Overdag vullen ze dit aan door af en toe wat te eten terwijl ze 
rusten en schuilen in de mangroves.  
Jonge grommers maken dus gebruik van schuilplaatsen en voedsel in 
mangroves en zeegrasvelden. Maar op welke ruimtelijke schaal gebruiken zij deze 
woongebieden? Het is bekend dat veel grommers in het Spaanse Water op Curaçao 
hun leefgebieden van overdag (mangroves en rotskusten) rond zonsondergang 
verlaten om in zeegrasvelden voedsel te zoeken en te eten. Maar keren ze de 
volgende ochtend altijd terug naar dezelfde schuilplaats? Een andere vraag is of 
verschillende leefgebieden in een baai ook met elkaar verbonden zijn door migraties 
van juveniele grommers gedurende de dag. In hoofdstuk 4 komen deze vragen aan 
bod. Hierin blijkt dat mangroves, zeegrasvelden en de rotsachtige kustlijn van het 
Spaanse Water inderdaad met elkaar verbonden zijn door migraties van gemerkte 
juveniele Franse grommers en blauwgestreepte grommers (Haemulon sciurus) 
gedurende de dag. Een groot deel (41–64%) van deze gemerkte vissen zwom van 
de mangroves en rotskust naar aangrenzende zeegrasvelden gedurende de middag, 
waarschijnlijk om daar tijdens het daglicht al te beginnen met eten. Veel gemerkte 
vissen die gedurende de late middag (15:30–17:30 uur) in de zeegrasvelden zaten 
waren gedurende de ochtend (8:00–10:30 uur) van de volgende dag terug naar 
mangroves en de rotskust gezwommen, mogelijk om te schuilen. De hierboven 
beschreven verschuivingen tussen leefgebieden vonden plaats op een schaal van ± 
25 m. Gemerkte vissen waren dag na dag te vinden op dezelfde schuilplaatsen, ook 
gedurende de langste periode (425 dagen) waarin de vissen gevolgd werden. De 
hemelsbrede afstand tussen de schuilplaatsen die overdag gebruikt werden 
varieerde van 4 tot 171 meter voor individuele vissen. De afstanden waarover deze 
vissen zich bewegen zijn dus klein, maar biologisch zeer relevant in Caribische 
baaien zoals het Spaanse Water, met een kleinschalig mozaïek van verschillende 
leefgebieden. Als laatste wordt in hoofdstuk 4 beschreven dat twee van de 1195 
Franse grommers die maanden eerder gevangen en gemerkt waren (het betrof hier 
4% van alle gemerkte én opnieuw gevangen vissen) zich in de richting van en/of 
naar het koraalrif verplaatst hadden. Het lijkt er dus op dat sommige Franse 
grommers opgroeien in kraamkamers in deze baai en uiteindelijk naar het rif 
migreren.  
Veel snappers behoren tot de veronderstelde kraamkamersoorten waarvan 
verwacht wordt dat ze opgroeien in mangroves en zeegrasvelden en gedurende 
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latere levensstadia naar koraalriffen migreren. Hoofdstuk 5 is de eerste studie die 
duidelijk aantoont dat gemerkte vissen migreren tussen een baai met een 
veronderstelde kraamkamerfunctie (het Spaanse Water) en het volwassen 
leefgebied (het aangrenzende koraalrif). Bijna volwassen schoolmeester snappers, 
Lutjanus apodus, tussen de 13.2 en 21.0 cm lang, werden gevangen en gemerkt 
langs de rotskust van de baai. Deze vissen bleven veelal de schuilplaatsen die ze 
gedurende de dag gebruikten trouw, net als de grommers beschreven in hoofdstuk 
4. Vier van de grootste schoolmeester snappers (tussen de 17.8 en 20.0 cm lang) 
werden gedurende 31 dagen tussen de 1 en 30 keer waargenomen op het 
aangrenzende koraalrif op afstanden van 30 tot 90 meter van de baaimonding 
vandaan. Hun bezoekjes aan het rif zijn misschien een eerste verkennende stap van 
bijna-volwassen vissen die op het punt staan zich permanent op het koraalrif te 
vestigen. 
Terwijl het kunstmatig merken van vissen het meest directe en sterkste bewijs 
kan leveren voor verbindingen tussen kraamkamers en volwassen leefomgevingen, 
is deze methode minder geschikt om een betrouwbare schatting te doen naar de 
mate waarin kraamkamers eigenlijk bijdragen aan de volwassen vispopulatie. Dit 
laatste is wel mogelijk bij het gebruik van natuurlijke merkers, zoals stabiele isotopen 
of sporenelementen die opgeslagen worden in weefsels terwijl een vis groeit, en die 
typerend zijn voor een het leefgebied van de dieren. Om deze reden werden in 
hoofdstuk 6 de stabiele isotopenverhoudingen van koolstof (C) en stikstof (N) in 
spierweefsel en gehoorsbeentjes (otolieten) van de ‘yellowtail snapper’ Ocyurus 
chrysurus onderzocht. Isotopen zijn atomen van een element met hetzelfde aantal 
protonen, maar met verschillende aantallen neutronen (bv. C13 en C12). De 
verhoudingen van deze isotopen verschillen tussen leefgebieden vanwege 
verschillende metabolische routes van primaire producenten aan de basis van de 
voedselwebben. Zo is bijvoorbeeld de verhouding van de ratio 13C:12C in 
zeegrasvelden anders (en in de door ons gebruikte zogenaamde deltanotatie minder 
negatief) dan op koraalriffen. In hoofdstuk 6 wordt inderdaad vermeld dat het 
spierweefsel en de otolieten van juveniele vissen uit baaien met zeegrasvelden meer 
zware isotopen (N15 en/of C13) hadden in vergelijking tot bijna-volwassen en 
volwassen vissen van het koraalrif. De hoge C13:C12 verhouding die typerend was 
voor zeegrassen in de baai werd ook nog gevonden in de juveniele kern van de 
otolieten van 98% van de onderzochte koraalrifvissen, terwijl de rand van hun 
otolieten, die het huidige leefgebied weerspiegelen (het koraalrif) lagere waarden 
had. Deze koraalrifvissen hadden dus waarschijnlijk in hun jeugd voedsel verzameld 
in zeegrasvelden, terwijl hun recente voedselbron overeenkwam met het voedsel dat 
op het koraalrif voorkomt. Dit wijst erop dat de koraalrifvis yellowtail snapper bijna 
volledig afhankelijk is van verblijf in baaien met zeegrassen als kraamkamers 
gedurende een bepaalde periode van hun juveniele stadium. 
Dit alles leidt tot de conclusie dat koraalrifvissen in hun jeugd in elk geval gebruik 
van zeegrasvelden en mangroves vanwege aanwezigheid van voedsel en goede 
schuilmogelijkheden. Grommers en snappers verbinden hun leefgebieden in een 
baai onderling met elkaar door hun zwerftochten heen en weer gedurende de dag en 
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de schemering. Twee soorten grommers (Franse grommer: Haemulon flavolineatum 
en blauwgestreepte grommer: H. sciurus) en de schoolmeester snapper (Lutjanus 
apodus) gebruiken dag na dag dezelfde schuilplaatsen in een baai. Zulke biologische 
data die aantonen dat, en op welke ruimtelijke schaal, verschillende leefgebieden 
met elkaar verbonden zijn vormen een belangrijke basis voor doeltreffende 
beschermingsmaatregelen in dichtbevolkte gebieden zoals die rondom het Spaanse 
Water op Curaçao. Dit gebied wordt in hoog tempo bebouwd en grote delen van 
zeegrasvelden en mangroves moeten wijken voor bijvoorbeeld havens en woningen. 
Omdat dit leidt tot verhoogde versnippering van leefgebieden kan het ruimtegebruik 
van vissen ernstig belemmerd en verstoord worden. Deze dissertatie bevat verder 
kwalitatieve en kwantitatieve gegevens die aantonen dat leefgebieden binnen een 
baai verbonden zijn met het koraalrif door migraties van bijna-volwassen vissen van 
ten minste drie soorten, namelijk de Franse grommer en twee soorten snappers 
(schoolmeester snapper en yellowtail snapper: Ocyurus chrysurus). Dit betekent dat 
als men een gezonde populatie van de yellowtail snapper op Curaçao wil behouden, 
bescherming van het alleen het koraalrif niet voldoende is, omdat deze vissoort een 
deel van de juveniele fase doorbrengt in zeegrasvelden in baaien. Uit andere studies 
naar visdichtheden kan worden afgeleid dat waarschijnlijk nog 10 andere 
commercieel belangrijke rifvissoorten op Caribische eilanden sterk afhankelijk zijn 
van de aanwezigheid van dergelijke kraamkamers in baaien. Onderzoek naar 
stabiele isotopen zou ook voor deze soorten kunnen aantonen of ze deze 
levensstrategie inderdaad hebben. Bovenstaande gegevens wijzen er in elk geval op 
dat koraalriffen voor veel vissoorten slechts onderdeel zijn van een mozaïek van 
verschillende, onderling verbonden leefgebieden. De focus van bescherming van 
koraalriffen is behoud van het rif zelf. Zo bevatten wereldwijd ongeveer 980 mariene 
reservaten koraalriffen, tegenover ongeveer 247 met zeegrasbedden en 237 met 
mangroves. Er bestaat geen overzicht van reservaten die een combinatie van deze 
gebieden bevatten. Hoewel er enkele voorbeelden van dergelijke reservaten bekend 
zijn, beschermen de meeste reservaten slechts één enkel type habitat. De gegevens 
van deze dissertatie wijzen er op dat we ons blikveld wat betreft beschermings-
maatregelen moeten verbreden. Toekomstige mariene reservaten dienen alle 
belangrijke en functioneel samenhangende leefgebieden in kustwateren, zoals riffen 
en zeegrasbedden en mangroves, te omvatten en beschermen. 
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IK BEN heel trots op deze dissertatie, deze bundeling van inspanningen. 
Hoewel ik de eenzame momenten in de ivoren onderzoekers-toren zeker heb 
meegemaakt, zijn er de afgelopen vier jaar veel mensen geweest met wie ik 
dit avontuur samen heb beleefd en wie ik wil bedanken. Het was een avontuur 
met voeten afwisselend in de aarde van Curaçao, Groningen, Nijmegen en 
Utrecht. Allereerst bedank ik mijn begeleiders en de Afdeling Dierecologie van 
de Radboud Universiteit Nijmegen die mij deze kans hebben gegeven: met 
name Sjoerd Wendelaar Bonga, Ivan Nagelkerken en Gerard van der Velde. 
Sjoerd, hartelijk dank voor je hulp en bereidwilligheid tot meedenken, 
vooral gedurende de laatste fase van het schrijven van deze dissertatie.  
Ivan, je was een begeleider met een ongebreideld energieveld die me 
motiveerde op de juiste momenten en me vooral wat schrijven betreft 
ontzettend veel hebt bijgebracht. Ook leerde je me vissen met hook and line, 
voor het eerst tijdens mijn stage op Zanzibar, Afrika, waar ik tijdens een van 
mijn eerste dagen als mvuvi (visser) mijn eigen vinger aan de haak sloeg. Je 
opende mijn ogen voor vele prachtige plekken op Curaçao en voor ver-
antilliaanste uitdrukkingen waarvan ik het bestaan niet wist (“met hem heb ik 
nog een varkentje te schillen”). Succes met het schrijven van je boek.  
Gerard, bron van vele, soms vreemde, wetenswaardigheden, bedankt 
voor je feedback op mijn manuscripten. Ik hoop dat je je laatste jaren als 
onderzoeker waardig en met verve mag bekleden.  
Tijdens de laatste fase van mijn promotie had ik eindelijk collega’s om mee 
pannekoeken te eten in de kantine: Chantal Huijbers en Monique Grol, ik zie 
jullie toekomstige promoties met plezier tegemoet! Ook dank ik Martijn 
Dorenbosch. Je hebt me de eerste kneepjes van het doen van onderzoek en 
van het duiken bijgebracht op Zanzibar. Hoewel we elkaar toen niet altijd 
wisten te vinden gloeide ik van trots toen je op mijn laatste dag in Zanzibar 
tegen me zei dat je een geschikte aio in mij zag. Ik wil mijn overige 
dankwoord ophangen aan een verhaal over mijn meest enerverende periodes 
van de afgelopen vier jaar: die van het veldwerk (lees: zee-werk) op Curaçao.  
Ik was net anderhalve maand afgestudeerd toen ik in oktober 2003 aan 
mijn eerste veldseizoen begon. Samen met drie studenten Dafne de Graaff, 
Mischa Peeters en An de Schryver verbleef ik vijf maanden op Curaçao. Met 
jullie heb ik mijn eerste stappen gezet in het onderzoek: samen hebben we 
flink gebikkeld tijdens het kooienexperiment (hoofdstuk 2), wat mijn eerste 
publicatie opleverde. We zijn elkaar tegengekomen tijdens mijn eerste 
ervaringen als –volgens sommigen veeleisende– begeleider. Van jullie heb ik 
veel geleerd over wat het begeleiden van een groep inhoudt. Tijdens dit 
eerste seizoen verbleven we op CARMABI, een biologisch onderzoeks-
instituut pal aan zee. Markante personen kleurden dit instituut: Dolfi Debrot 
was een ware Crocodile Dundee die in kaki kleding vol energie onderzoek 
deed naar gemiddeld 20 projecten tegelijk. Onze eerste close encounter was 
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binnen zijn project ‘boompjes planten op Klein Curaçao’, een gortdroog 
eilandje waar we kadushi’s (cacteeën) plantten met piki’s (pikhouwelen). Dolfi 
duwde me zo nu en dan een emmer onder de neus met daarin een zojuist 
gevangen slang, inheemse aardappelsoort of ander Curaçaos goed. Brian 
Leysner hielp me aan een vaarbewijs zonder dat ik daar ooit officieel examen 
voor hoefde te doen - ik snap nog steeds niet hoe dat nou geregeld was. 
Carlos Winterdaal hielp ons onvermoeid met alle technische aspecten van het 
onderzoek. Van hem wist je nooit zo goed of hij boos of goedgemutst was, 
maar een kopje koffie deed wonderen.  
Het onderzoek vond voornamelijk plaats in het Spaanse Water, een baai 
die een half uur rijden van CARMABI vandaan was. Mijn gloednieuwe 
rijbewijs van één maand oud brandde in mijn zak. Ik had geen andere keus 
dan me de Antilliaanse rijstijl zo snel mogelijk eigen te maken en de pick-up 
truck met boot als aanhanger de immens hoge Julianabrug op te sturen. 
Gelukkig waren we gewapend met de opmerkelijke auto’s die bezoekers van 
CARMABI mochten gebruiken. Riemen? Nee joh, niet nodig op Curaçao. En 
als je wilt remmen kun je ook terugschakelen naar een lagere versnelling. 
Twee andere studenten, die ik probeerde van begeleiding te voorzien, waren 
in die tijd gestationeerd op Aruba, one happy island! Tjerk van Rooij en 
Evelien de Wit, jullie hebben je zelfstandigheid wel bewezen en mijn 
bezoekjes aan jullie waren een heerlijke afwisseling.  
In deze beginperiode kon ik me enorm opwinden over mensen die dachten 
dat veldwerk op Curaçao een piece of cake was bestaande uit veel 
strandhangen en een lekker een beetje snorkelen en duiken zo nu en dan. De 
studenten en ik, die ons dagelijks op en in het Antilliaanse water bevonden 
(gedurende de jaren: An, Dafne, Mischa, Tjerk, Evelien, Karianne, Twan, 
Susanne, Ingmar) beseften al gauw dat vijf uur per dag in tropisch water 
liggen toch best koud is en een lichamelijk zwaar onderdeel van de gemiddeld 
twaalf uur durende werkdag die soms geen enkel beduidend resultaat 
oplevert, terwijl je op een krappe zes vierkante meter letterlijk met elkaar in 
hetzelfde schuitje zit, zodat je binnen de kortste keren alle grillen van elkaar 
van zeer dichtbij hebt meegemaakt. Confronterend. En zo nu en dan ook 
therapeutisch. Zij, die zo dapper waren om enkele van deze plezierigheden 
zelf te ervaren door een dagje vrijwillig mee te gaan werken op het Spaanse 
Water ben ik zeer dankbaar (Anne Chris Jonkers, Saskia Benthem, Erwin 
Scholten, Michiel Meewis, Lisa Becking, Janke Verweij, pap en mam). Sas en 
Erwin, ik herinner me het vissen met hook and line in de onstuimig golvende 
baaimonding en het moment dat Erwin halverwege de dag vroeg: “Eh… Hoe 
lang gaan we nog vissen?”. Op mijn antwoord “tot we genoeg vissen hebben”, 
gingen zij wijselijk en heerlijk op het strand liggen, waar we ze om 18:00 
oppikten om ze mee naar huis te nemen. 
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De laatste maand van dat eerste seizoen deed ik het veldwerk alleen. Het 
waren vervreemdende, warme, stille dagen op en in het Spaanse Water. 
Toen kwam een erg welkome nieuwe impuls in de vorm van een Nederlandse 
mede-aio, Jasper de Goeij. Jasper, jouw repertoire aan liedjes, sketches en 
gekkebekken gedurende de avonden maakten de lange periodes van 
afwezigheid van lachen en humor gedurende de solitaire dagen helemaal 
goed! Een andere grote impuls kwam van Michiel Meewis, een Amsterdamse 
producent en fotograaf, sindsdien een dierbare vriend. Michiel, je zei dat ik 
jouw redding was op Curaçao, maar je was net zozeer die van mij.  
Dit seizoen luidde het begin in van een van mijn grootste verslavingen tot 
nu toe: salsa dansen. Mijn eerste lessen waren fantastisch, Steven Walround 
gaf les onder een warme avondhemel, terwijl het eeuwige briesje van 
Curaçao de limoengroene muren van Villa Maria in Punda aaide. Herbert 
Silonero en Donald de Palm waren de eerste salseros die mij geduldig door 
de eerste passen heen loodsten. De zondagse dansavonden in het oude 
landhuis ‘Granbeeuw’ en de lessen van Rudsel en Nina zouden heerlijke 
bezoeken gaan vormen gedurende de seizoenen die nog volgen zouden (hè, 
Karianne?).  
Voor mijn tweede seizoen vertrok ik op 2 maart 2005 in een bijna-bevroren 
vliegtuig. Ik woonde gedurende deze tropische 4 maanden in het Curaçaose 
deel ‘Siberië’, waar ik de eer had op een prachtig huis te passen van Derk en 
Femia Cools. Ik herinner me barbecues, pool parties en geweldige uitzichten 
over de saliñas (zoutpannen). Dit seizoen had ik de eer om twee schatten van 
studenten aan mijn zijde te hebben: Twan van den Beld en Karianne Hol. Zij 
voerden mij een dikke biefstuk tijdens hun eerste week op Curaçao toen ik 
met hoge koorts op bed lag. Twan, je bent een van de meest positieve en 
easy going personen die ik ken en je bracht een flinke dosis onmisbare humor 
mee het veld in – stinkende inktvisjes die we als aas gebruikten dansten 
opeens in volle levendigheid weer over de rand van de boot. Karianne, we 
hebben even flink met elkaar geworsteld op Curaçao, maar je bent een echte 
dushi van me. Onze laatste maand werd versterkt door Suzanne Wartenbergh 
(Suus!). Suus, je volledig vrijwillige inzet was torenhoog, bedankt voor je hulp, 
ook tijdens het derde veldseizoen. Met zijn vieren hebben we vaak zitten 
gieren van de lach bij ons favoriete restaurant Bon Tapas in Punda.  
Toen volgde in Nederland de beruchte aio-dip. Die bestond uit de 
ongekende neiging om alle onderzoeksresultaten in een grote stapel achter te 
laten op het bureau van je begeleiders, je om te draaien, en niet meer terug te 
komen. Van die tijd herinner ik me een kaart met roze zwemvliezen van Bernd 
Riedstra (Bernd, ik verzin zo nu en dan nog steeds een goeie list) en 
verlichtende gesprekken met mijn vrienden Anne Chris, Steven van Heuven 
(die verschrikt constateerde: “Marieke, je ziet eruit alsof je bijna moet huilen!”) 
en met mijn loopbaanbegeleider Ton Stomme. 
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Tijdens mijn laatste seizoen op Curaçao, januari tot en met maart 2006, 
woonde ik in een gezellige Antilliaanse buurt recht onder de neerslaande rook 
van de Isla - een gigantisch monster van een olieraffinaderij pal naast 
Willemstad. Ik woonde daar samen met Suzanne Wartenbergh (Suus, ditmaal 
omgetoverd tot duikinstructeur) en twee studenten: Ingmar Hans (alias Bing, 
de mobiele eenheid) en Susanne Ruseler (Ruus). Ruus en Bing, ik dank jullie 
voor je inzet die mijn –wat mij betreft– mooiste publicatie mogelijk heeft 
gemaakt (hoofdstuk 6). Naast jullie serieuze inzet ook bedankt voor de 
absoluut onmisbare tegenhanger: veel lachen en humor. Elke morgen reden 
Bing, Ruus en ik naar Carmabi en al snel hadden we nog een reisgenoot. Het 
was een oude man die enkel de woorden ‘Abao, abao’ kon uitbrengen 
(Papiaments voor: ‘Naar beneden, naar beneden!’). Hij wist precies hoe laat 
we vertrokken, klom in onze blauwe wagen –een tenenkrommend proces dat 
ongeveer een halve minuut duurde– waarna we hem naar abao brachten. Dat 
seizoen genoten we ook vaak het bezoek van duikinstructeur Kurt, geboren 
en getogen Antilliaan. Kurt, tijdens een duik met jou heb ik voor het eerst een 
zeepaardje gezien. Ik wens je alle goeds op Curaçao en zie je vast terug op 
de salsa dansvloer.  
Verder gaat mijn dank uit naar: mijn parafimfen Anne Chris Jonkers en 
Ruth Roelofsen. Annemarije, lieve zus, dank voor al je geestige mailtjes die je 
stuurde als ik weer eens ver op een eiland zat. Ik vind het heel leuk en stoer 
dat je nu je eigen reisdrift aan het beproeven bent. Pap en mam, bedankt voor 
jullie steun, feedback op mijn schrijfsels, en telefoontjes naar Curaçao 
wanneer ik dat nodig had. Annelies Pronker, rafiki, met jou deel ik onder meer 
de bijzondere herinneringen aan Zanzibar. Ik kijk uit naar onze toekomstige 
Afrika-reis! Liesbeth Bos, mijn thuis in Groningen, dank je voor je wijsheid, 
nuance en onophoudelijke warmte. Paul Mason, thanks for your contributions 
to chapter 6 and hopefully to a future article on otoliths… 
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graduation at the age of 18, she moved to Groningen, a city in the north of the 
Netherlands, to study Marine Biology and Animal Behaviour. Studying was 
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fish communities of Zanzibar, an East-African island. It was here that she 
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time. One of the greatest pleasures was being in the underwater world: the 
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looks from the local people who think you are planning some dark voodoo 
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